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We show that the design of electric double layers and flexoelectricity can be used to tune the
surface anchoring in general nematic fluids. Specifically, we demonstrate for a nematic electrolyte
that the surface anchoring strength can be efficiently controlled by the surface charge, bulk ion
concentration and/or flexoelectricity, effectively changing not only the magnitude of the anchoring
but also the anchoring type, such as from planar to tilted. This tuning is driven by the competing
energetic-torque couplings between nematic director and the emergent electrostatic potential, due
to surface charge, ions and flexoelectricity. Our findings propose a novel way of influencing surface
anchoring by using electrostatic effects, which could be used in various aspects, including in the
self-assembly of colloidal particles in nematic fluids, optical and display patterns, and sensing.
I. INTRODUCTION
Surfaces are one of the main tools for controlling the
orientational order of the building blocks in complex ne-
matic fluids. The interaction imposed at the surfaces on
the nematic fluids is called surface anchoring [1, 2], and
it fundamentally emerges because of the interaction be-
tween the nematic building blocks and the surface mate-
rial, such as a polymer-rubbed wall, glass or another liq-
uid or gas. With span of combinations of materials, the
surface anchoring can impose surface orientational order
in almost every arbitrary direction, from homeotropic [3],
planar [4], planar degenerate [5] to tilted [6] and even de-
generate tilted [7]; also the interaction can be of different
strength. Technologically, control over surface anchoring
is instrumental in display applications of nematic fluids,
but goes also far beyond this, and is central in appli-
cations including sensors [8], emulsification [9] and mi-
crofluidics [10]. The surface anchoring is commonly as-
sociated with surface-imposed ordering of (passive) ma-
terials such as molecules, polymers, or colloidal particles,
but actually the same type of interaction emerges also in
non-equilibrium -active matter- systems [11, 12].
An electric field is another tool for controlling the ori-
entational order in nematic fluids, and is usually applied
as an external field (voltage), but can also be sourced,
for example, from local charges present in the materi-
als (such as ions) [13], or by flexoelectricity where the
elastic distortion of the nematic generates a local (elec-
tric) polarisation [14]. Often the effects of free charges
and flexoelectricity are small and considered negligible,
but this does not need to be true. By introducing ions
into nematics or using flexoelectricity, one opens a possi-
bility to create electric fields that are strongly spatially
anisotropic both in direction and magnitude, with the
complexity of the electric field being determined by the
nematic and ion profile (and their mutual coupling), and
not only the external electrodes as in the case of external
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fields [15]. Furthermore, the use of ions in liquid crystals
was demonstrated in a recent experimental paper to af-
fect boundary conditions at colloidal particles [16], and
also indirectly by the balance of screened electrostatic
interactions and elastic interactions to produce specific
crystal structures [17]. Ions also influence the isotropic-
nematic phase transition in lyotropic liquid crystals [18]
and influences nonlinear electroosmosis in nematic liquid
crystals [19]. On the other hand, flexoelectricity is pre-
dicted to stabilize blue plases [20, 21], and is known to
influence director profiles in nematic cells [22–24], col-
loidal transport [25], and flow [26, 27]. The joint phe-
nomenon in these works is that the anisotropic dielectric
interaction of electric charge or flexoelectric polarisation
in a nematic directly competes with other aligning mech-
anisms of nematics – in particular, the nematic elasticity
and the surface anchoring.
In this paper, we show the control and tuning of ne-
matic surface ordering, beyond standard surface anchor-
ing, using surface charge, bulk ionic inclusions and flexo-
electricity, as also affected by charge regulation. Via the
profile of the electrostatic potential, we show that surface
charge, ionic and flexoelectric effects in combination with
standard surface anchoring lead to various effective sur-
face anchoring regimes, as a result of various combined
local torques, which are not only of different effective
strengths, but also types. This work extends previous
work on salt-induced surface anchoring by a more rigor-
ous theoretical treatment [28, 29]. Finally, the work is
a contribution towards establishing electrostatic effects
-charge, ions, flexoelectrictiy- as an interesting control
mechanism for (self) assembly and even topology in gen-
eral nematic complex soft matter.
This paper is organised as follows. In Sec. II we outline
the theoretical framework that we will use. In Sec. III
we discuss the control of anchoring by surface charge and
salt, and discuss the influence of the various parameters,
while in Sec. IV we highlight the effect of charge regula-
tion. In Sec. V, we show how flexoelectricity influences
the anchoring and in Sec. VI we finish with conclusions
and an outlook.
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<latexit sha1_base64="57Rhw2tbljxc2wVdrBNGRynm21g=">AAA B7XicdVDJSgNBEO2JW4xb1KOXxiB4GnomozG3oBePEcwCyRB6Oj1Jm56F7hohhPyDFw+KePV/vPk3dhZBRR8UPN6roqpekEqhgZAPK7eyura+ kd8sbG3v7O4V9w+aOskU4w2WyES1A6q5FDFvgADJ26niNAokbwWjq5nfuudKiyS+hXHK/YgOYhEKRsFIzS4MOdBesURsUvXKlTNMbLdcdr2qI Z7rkvMydmwyRwktUe8V37v9hGURj4FJqnXHISn4E6pAMMmnhW6meUrZiA54x9CYRlz7k/m1U3xilD4OE2UqBjxXv09MaKT1OApMZ0RhqH97M/E vr5NBeOFPRJxmwGO2WBRmEkOCZ6/jvlCcgRwbQpkS5lbMhlRRBiagggnh61P8P2m6tkNs58Yr1S6XceTRETpGp8hBFVRD16iOGoihO/SAntCz lViP1ov1umjNWcuZQ/QD1tsnBrWPbA==</latexit><latexit sha1_base64="57Rhw2tbljxc2wVdrBNGRynm21g=">AAA B7XicdVDJSgNBEO2JW4xb1KOXxiB4GnomozG3oBePEcwCyRB6Oj1Jm56F7hohhPyDFw+KePV/vPk3dhZBRR8UPN6roqpekEqhgZAPK7eyura+ kd8sbG3v7O4V9w+aOskU4w2WyES1A6q5FDFvgADJ26niNAokbwWjq5nfuudKiyS+hXHK/YgOYhEKRsFIzS4MOdBesURsUvXKlTNMbLdcdr2qI Z7rkvMydmwyRwktUe8V37v9hGURj4FJqnXHISn4E6pAMMmnhW6meUrZiA54x9CYRlz7k/m1U3xilD4OE2UqBjxXv09MaKT1OApMZ0RhqH97M/E vr5NBeOFPRJxmwGO2WBRmEkOCZ6/jvlCcgRwbQpkS5lbMhlRRBiagggnh61P8P2m6tkNs58Yr1S6XceTRETpGp8hBFVRD16iOGoihO/SAntCz lViP1ov1umjNWcuZQ/QD1tsnBrWPbA==</latexit><latexit sha1_base64="57Rhw2tbljxc2wVdrBNGRynm21g=">AAA B7XicdVDJSgNBEO2JW4xb1KOXxiB4GnomozG3oBePEcwCyRB6Oj1Jm56F7hohhPyDFw+KePV/vPk3dhZBRR8UPN6roqpekEqhgZAPK7eyura+ kd8sbG3v7O4V9w+aOskU4w2WyES1A6q5FDFvgADJ26niNAokbwWjq5nfuudKiyS+hXHK/YgOYhEKRsFIzS4MOdBesURsUvXKlTNMbLdcdr2qI Z7rkvMydmwyRwktUe8V37v9hGURj4FJqnXHISn4E6pAMMmnhW6meUrZiA54x9CYRlz7k/m1U3xilD4OE2UqBjxXv09MaKT1OApMZ0RhqH97M/E vr5NBeOFPRJxmwGO2WBRmEkOCZ6/jvlCcgRwbQpkS5lbMhlRRBiagggnh61P8P2m6tkNs58Yr1S6XceTRETpGp8hBFVRD16iOGoihO/SAntCz lViP1ov1umjNWcuZQ/QD1tsnBrWPbA==</latexit><latexit sha1_base64="57Rhw2tbljxc2wVdrBNGRynm21g=">AAA B7XicdVDJSgNBEO2JW4xb1KOXxiB4GnomozG3oBePEcwCyRB6Oj1Jm56F7hohhPyDFw+KePV/vPk3dhZBRR8UPN6roqpekEqhgZAPK7eyura+ kd8sbG3v7O4V9w+aOskU4w2WyES1A6q5FDFvgADJ26niNAokbwWjq5nfuudKiyS+hXHK/YgOYhEKRsFIzS4MOdBesURsUvXKlTNMbLdcdr2qI Z7rkvMydmwyRwktUe8V37v9hGURj4FJqnXHISn4E6pAMMmnhW6meUrZiA54x9CYRlz7k/m1U3xilD4OE2UqBjxXv09MaKT1OApMZ0RhqH97M/E vr5NBeOFPRJxmwGO2WBRmEkOCZ6/jvlCcgRwbQpkS5lbMhlRRBiagggnh61P8P2m6tkNs58Yr1S6XceTRETpGp8hBFVRD16iOGoihO/SAntCz lViP1ov1umjNWcuZQ/QD1tsnBrWPbA==</latexit>
x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAA B6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3N reJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYp RFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy +JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM /A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAA B6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3N reJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYp RFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy +JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM /A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAA B6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3N reJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYp RFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy +JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM /A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAA B6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3N reJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYp RFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy +JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM /A==</latexit>
y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbM LuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZ kobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbM LuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZ kobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbM LuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZ kobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbM LuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZ kobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>
z
<latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgr W9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgr W9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgr W9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgr W9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit>
Surface-rubbing
originating
easy axis
<latexit sha1_base64="iLJ1CM h00LipioxTHZ/x2uESOu8=">AAACEnicdVDLSgNBEJyNr7i+oh69DA ZBD4bdKD5uQS8eFY0JxBB6J72bIbOzy8ysGILf4MVf8eJBEa+evPk3T h6CihY0FFXddHcFqeDaeN6Hk5uYnJqeyc+6c/MLi0uF5ZVLnWSKYZUl IlH1ADQKLrFquBFYTxVCHAisBd3jgV+7RqV5Ii9ML8VmDJHkIWdgrN QqbJ1nKgSG2yoLAi4j6rqJ4hGX1peR6yLoHoUbrmmrUPRK5cO98q5HR 2TH/yJ71C95QxTJGKetwvtVO2FZjNIwAVo3fC81zT4ow5nAW/cq05g C60KEDUslxKib/eFLt3TDKm0aJsqWNHSofp/oQ6x1Lw5sZwymo397A/ Evr5GZ8KDZ5zLNDEo2WhRmgpqEDvKhba6QGdGzBJji9lbKOqCAGZuia 0P4+pT+Ty7LJd8r+WflYuVoHEeerJF1skl8sk8q5ISckiph5I48kCf y7Nw7j86L8zpqzTnjmVXyA87bJ98snPY=</latexit><latexit sha1_base64="iLJ1CM h00LipioxTHZ/x2uESOu8=">AAACEnicdVDLSgNBEJyNr7i+oh69DA ZBD4bdKD5uQS8eFY0JxBB6J72bIbOzy8ysGILf4MVf8eJBEa+evPk3T h6CihY0FFXddHcFqeDaeN6Hk5uYnJqeyc+6c/MLi0uF5ZVLnWSKYZUl IlH1ADQKLrFquBFYTxVCHAisBd3jgV+7RqV5Ii9ML8VmDJHkIWdgrN QqbJ1nKgSG2yoLAi4j6rqJ4hGX1peR6yLoHoUbrmmrUPRK5cO98q5HR 2TH/yJ71C95QxTJGKetwvtVO2FZjNIwAVo3fC81zT4ow5nAW/cq05g C60KEDUslxKib/eFLt3TDKm0aJsqWNHSofp/oQ6x1Lw5sZwymo397A/ Evr5GZ8KDZ5zLNDEo2WhRmgpqEDvKhba6QGdGzBJji9lbKOqCAGZuia 0P4+pT+Ty7LJd8r+WflYuVoHEeerJF1skl8sk8q5ISckiph5I48kCf y7Nw7j86L8zpqzTnjmVXyA87bJ98snPY=</latexit><latexit sha1_base64="iLJ1CM h00LipioxTHZ/x2uESOu8=">AAACEnicdVDLSgNBEJyNr7i+oh69DA ZBD4bdKD5uQS8eFY0JxBB6J72bIbOzy8ysGILf4MVf8eJBEa+evPk3T h6CihY0FFXddHcFqeDaeN6Hk5uYnJqeyc+6c/MLi0uF5ZVLnWSKYZUl IlH1ADQKLrFquBFYTxVCHAisBd3jgV+7RqV5Ii9ML8VmDJHkIWdgrN QqbJ1nKgSG2yoLAi4j6rqJ4hGX1peR6yLoHoUbrmmrUPRK5cO98q5HR 2TH/yJ71C95QxTJGKetwvtVO2FZjNIwAVo3fC81zT4ow5nAW/cq05g C60KEDUslxKib/eFLt3TDKm0aJsqWNHSofp/oQ6x1Lw5sZwymo397A/ Evr5GZ8KDZ5zLNDEo2WhRmgpqEDvKhba6QGdGzBJji9lbKOqCAGZuia 0P4+pT+Ty7LJd8r+WflYuVoHEeerJF1skl8sk8q5ISckiph5I48kCf y7Nw7j86L8zpqzTnjmVXyA87bJ98snPY=</latexit><latexit sha1_base64="iLJ1CM h00LipioxTHZ/x2uESOu8=">AAACEnicdVDLSgNBEJyNr7i+oh69DA ZBD4bdKD5uQS8eFY0JxBB6J72bIbOzy8ysGILf4MVf8eJBEa+evPk3T h6CihY0FFXddHcFqeDaeN6Hk5uYnJqeyc+6c/MLi0uF5ZVLnWSKYZUl IlH1ADQKLrFquBFYTxVCHAisBd3jgV+7RqV5Ii9ML8VmDJHkIWdgrN QqbJ1nKgSG2yoLAi4j6rqJ4hGX1peR6yLoHoUbrmmrUPRK5cO98q5HR 2TH/yJ71C95QxTJGKetwvtVO2FZjNIwAVo3fC81zT4ow5nAW/cq05g C60KEDUslxKib/eFLt3TDKm0aJsqWNHSofp/oQ6x1Lw5sZwymo397A/ Evr5GZ8KDZ5zLNDEo2WhRmgpqEDvKhba6QGdGzBJji9lbKOqCAGZuia 0P4+pT+Ty7LJd8r+WflYuVoHEeerJF1skl8sk8q5ISckiph5I48kCf y7Nw7j86L8zpqzTnjmVXyA87bJ98snPY=</latexit>
Charged plate
with surface
charge density  
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Figure 1. Scheme of the regime for charge and flexoelectric-
ity controlled effective surface anchoring. Between a charged
plate with surface charge density σ at z = 0 and an uncharged
plate at z = L, positive and negative ions are dispersed in a
nematic medium. The bottom plate is assumed to have stan-
dard weak-anchoring conditions with easy axis equal to the y
axis, while the upper plate has strong homeotropic boundary
conditions for the liquid crystal. Locally in the whole region
between the plates, there is a flexoelectric polarisation Pf (z)
and director angle θ(z); blue cylinders indicate the local di-
rector.
II. THEORY
The design of effective surface anchoring is demon-
strated in the geometry of standard (hybrid aligned ne-
matic - HAN) nematic cells, as shown in Fig. 1. This sim-
ple geometry is chosen for clearness of the effects, but the
demonstrated phenomena could be applied in principle
in any nematic cell geometry, nematic emulsions, or ne-
matic colloids, performing as a major novel control mech-
anism in these systems. Specifically, we consider a single
charged plate with charge density qeσ at z = 0, separated
from a uncharged plate situated at z = L, both with sur-
face area A. Between the two plates, a nematic material
is present which is characterised by the dielectric tensor
ij(r) = ⊥δij + ∆ni(r)nj(r), where ⊥ is the dielectric
constant perpendicular to the director field n(r), and ∆
is the dielectric anisotropy. For the upper plate we as-
sume strong homeotropic anchoring conditions, while for
the bottom plate weak planar non-degenerate anchoring
is assumed with the easy axis parallel to the plate. This
cell geometry allows us to parametrise the nematic direc-
tor as n(r) = (0, cos[θ(z)], sin[θ(z)]).
The nematic fluid with dispersed ions and emergent
flexoelectricity can be at the continuum mesoscopic level
described by a total free energy F [φ, ρ±, θ] which is a
combination of various free energy contributions: ne-
matic elasticity, surface anchoring, (ideal-gas) entropy of
ions in nematic and electrostatic energy. Therefore, the
free energy is written as,
F [φ, ρ±, θ] = FLC[θ] + FS[ρ±] + FEL[φ, ρ±, θ], (1)
where the liquid-crystal part is described by the Oseen-
Frank elastic free energy [30, 31] within the equal-
constant approximation and the anchoring is described
by the Rapini-Papoular surface free energy [32],
FLC[θ]
A
=
1
2
∫ L
0
dz K[θ′(z)]2 − W
2
cos2[θ(z = 0)], (2)
where K is the elastic constant of the nematic, W is the
anchoring strength and the prime ′ indicates differentia-
tion with respect to z. In the nematic, ions are dissolved
with number density ρ±(z), and they give an (ideal-gas)
contribution to the free energy [33],
βFS[ρ±]
A
=
∑
α
∫ L
0
dz ρα(z){ln[ρα(z)Λ3α]− 1} (3)
where β−1 = kBT is the thermal energy and Λ3± the ther-
mal volume. The electrostatic part couples ρ±(z) and
θ(z), and we will express this with the formulation of the
free energy by using the electrostatic potential φ(z)/(βqe)
as a variational parameter,
βFEL[φ, ρ±, θ]
A
=
∫ L
0
dz
{
q(z)φ(z) + φ′(z)(Pf )z(z)
− 1
8piλB
˜zz(z)[φ
′(z)]2
}
. (4)
Here, q(z) = ρ+(z) − ρ−(z) + σδ(z) is the total (num-
ber) charge density, we rescaled the dielectric tensor
˜ij(z) = ij(z)/¯ using the rotationally averaged dielec-
tric constant, ¯ = (Tr)/3, and λB = q
2
e/(4pi0¯kBT ) is
the isotropic Bjerrum length. In this geometry zz(z) =
⊥ + ∆ sin2[θ(z)].
The flexoelectric polarisation qePf (z) is given by [34]
Pf = e1n(∇ · n)− e3[n× (∇× n)], (5)
with qee1 and qee3 the splay and bend flexo-electric coef-
ficient, and qe the elementary charge, such that −∇ ·Pf
is a number (bound) charge density with same dimen-
sions as ρ±(z). To convert to charge densities given in
[C m−3] one should simply multiply with qe. In this par-
ticular geometry, the flexoelectric polarisation is of the
form
Pf =
(
0, e1 cos
2 θ − e3 sin2 θ, e1 + e3
2
sin(2θ)
)
θ′(z).
(6)
The equilibrium profile of the nematic is determined
by the minimum of the total free-energy (Eq. 1), which
is minimised according to electrostatic potential φ(z), ne-
matic orientation (given by director angle θ(z)), and ion
3number densities ρ±(z). Firstly, minimisation with re-
spect to the electrostatic potential φ(z), δF/δφ(z) = 0,
gives the Poisson equation,
[˜zz(z)φ
′(z)− 4piλB(Pf )z(z)]′ = −4piλBq(z), (7)
or rewritten in SI units ∇ · D = qeq(r), with
D = −0ij∂jφ/(βqe) + qePf the dielectric displace-
ment. Moreover notice that minφ FEL[φ, ρ±, θ] =
(1/2)
∫
drq(r)φ(r), which is the familiar electrostatic en-
ergy. This shows that we indeed used the correct (varia-
tional) free energy. The surface terms in the variation of
the free energy with respect to the electrostatic potential
give the electrostatic boundary conditions
˜zz(z)φ
′(0)− 4piλB(Pf )z(0) = −4piλBσ, (8)
and global charge neutrality condition
˜zz(L)φ
′(L)− 4piλB(Pf )z(L) = 0. (9)
Secondly, minimisation of the total free energy with re-
spect to the nematic orientation, δF/δθ(z) = 0, gives the
nematic Euler-Lagrange equation for the nematic direc-
tor
βKθ′′(z) +
{
∆˜
8piλB
[φ′(z)]2 +
e
2
φ′′(z)
}
sin[2θ(z)] = 0,
(10)
with e = e1+e3 and boundary conditions for the nematic
as
θ′(0) =
1
2
sin[2θ(0)]
[
1
ξs
+
e
βK
φ′(0)
]
, θ(L) =
pi
2
, (11)
where ξs = K/W is the nematic surface extrapolation
length [2].
Thirdly, minimisation of the total free energy with re-
spect to ρ±(z), δF/δρ±(z) = µ±, gives the final Euler-
Lagrange equation, where βµ± = log(ρsΛ3±) is the chem-
ical potential of the reservoir (ions are treated grand
canonically), with reservoir salt concentration ρs. We
find the Boltzmann distribution
ρ±(z) = ρs exp[∓φ(z)]. (12)
Combined with Eq. (7), this introduces the modified
Poisson-Boltzmann equation, that now full incorporates
not only bulk ions, but also flexoelectricity (and natu-
rally, the coupling to nematic director profiles via the
dielectric tensor),
[˜zz(z)φ
′(z)− 4piλB(Pf )z(z)]′ = κ2 sinh[φ(z)], (13)
where we introduced the isotropic Debye screening length
κ−1 = λD = (8piλBρs)−1/2. Eqs. (8)-(13) form a closed
set of equations which we solve numerically by using the
finite-element software package COMSOL Multiphysics.
The following numerical parameters explained below
will be used in numerical calculations, roughly corre-
sponding to the standard liquid crystal 5CB at T = 298K
(which is roughly 10K below isotropic-nematic transition
temperature). Dielectric permittivities used are ∆ = 13,
⊥ = 6, and the isotropic dielectric constant is ¯ ≈ 10
[35], which gives λB = 6 nm. For the elastic constant
we take the average between the splay and twist con-
stant, K = 8 × 10−12N [35] and the thermal energy
is kBT = 4 × 10−21J. Anchoring strengths are consid-
ered between 10−3J m−2 to 10−8J m−2, corresponding
to strong anchoring and weak anchoring regimes, respec-
tively [36], giving surface extrapolation lengths between
10−10m and 10−5 m.
The values of the surface charge density σ in nematic
solvents like 5CB are less well known. For silica in wa-
ter σ can vary between between 10−3 nm−2 to 10 nm−2,
however, 5CB has a much lower dielectric constant than
water, so we expect much lower surface charges. Sim-
ilar dielectric (but isotropic) solvents, reported surface
charge densities between 10−5 nm−2 and 10−4 nm−2 for
charged colloidal particles in CHB with dielectric con-
stant  = 7.92 [37, 38], so we will use these as order of
magnitude estimates for σ. Finally, we vary the Debye
screening length κ−1 = λD between 10−9 m and 10−5
m, based on estimated Debye screening lengths due to
ionic impurities in some liquid crystals [28, 39, 40], or
estimates of liquid crystals with doped ions [29, 41–43].
The nanometer regime could be accessible if special salts
are synthesised that can dissolve in low-dielectric liquid-
crystalline solvents, or if water-based liquid crystal sys-
tems are used such as lyotropic or chromonic liquid crys-
tals (although these systems might not have a significant
dielectric anisotropy).
Finally, flexoelectric coefficients qe(e1 + e3) of 5CB are
estimated to be of the order 1-10 pC m−1 [44], while also
much higher values are currently obtained with special
molecules, the so-called giant flexoelectricity with flexo-
electric coefficient up to nC m−1 [45]. Note that in this
geometry only the sum e = e1 + e3 matters, because the
y component of the flexoelectric polarisation is projected
out because of translational symmetry in the plane of the
surfaces. In this work we will use the flexoelectric coeffi-
cients as tuning parameters and use the pC m−1 regime.
III. ELECTRIC CHARGE-CONTROLLED
EFFECTIVE ANCHORING
Electric (surface) charge introduced onto the bottom
surface of the nematic cell (σ 6= 0) causes the develop-
ment of an inhomogeneous electrostatic potential, and in
turn the reorientation of the nematic director, as shown
in Fig. 2. The electric potential close to the charged
surface(at z = 0) is large, and decreases with separation
from the charged surface (increasing z); similarly, the net
charge density in the diffuse screening cloud,
ρe(z) = ρ+(z)− ρ−(z) = −2ρs sinh[φ(z)] (14)
(see inset in Fig. 2(a)) shows that the charge in the
screening cloud decreases with z. In this geometry, this is
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Figure 2. Charge controlled nematic director and electro-
static potential profiles in a hybrid aligned nematic (HAN)
cell. (a) Electrostatic potential ψ(z) = φ(z)/(βqe) profiles
and (b) nematic director profiles θ(z) along the cell thickness
z, for different isotropic Debye screening lengths λD. Inset in
(a) shows the net charge number density in the diffuse screen-
ing cloud ρe(z), normalised to the bulk concentration ρs. In
all calculations we set σ = 2 · 10−4 nm−2, ξs = 5 µm and
L = 10 µm.
not much different as it would occur in isotropic solvents.
The resulting director profiles are shown in Fig. 2(b),
where the effect of increasing surface charge σ is shown.
When σ = 0 (black line in Fig. 2), the director profile is
linear,
θ(z) = sin[2θ(0)]
z
2ξs
+ θ(0), (15)
with θ(0) determined from the transcendental equation
pi/2 = sin[2θ(0)]L/(2ξs) + θ(0). For σ 6= 0 and since
∆ > 0, the nematic director wants to align parallel to
the electric field (θ = pi/2) due to the free energy contri-
bution ∼ −∆(n ·E)2, with E the electric field, while the
bottom plate has an easy axis that wants to align the ne-
matic director perpendicular to this electric field (θ = 0).
These two opposing effects give rise to the director pro-
files in Fig. 2(b), where high charge densities push the
director profiles towards the constant profile θ(z) = pi/2,
when electrostatic effects are much larger than the an-
choring effects.
For sufficiently large z, the director profile shows a
generally linear behaviour even for σ 6= 0, whereas the
non-linear dependence on the scale of the profiles seems
to be negligible. However, the non-linear part has a
first derivative that cannot be necessarily neglected, and
this is what mathematically drives the salt- and charge-
induced anchoring transition via the boundary condition
Eq. (11).
In Fig. 3 we investigate the effects of the bulk ion
concentration ρs (or equivalently λD), on the director at
the bottom plate θ(z = 0). We show the dependency of
the surface angle for various system sizes L (dashed lines
are taken at L = 20 µm, while full lines are taken at L =
10 µm), extrapolation lengths ξs and charge density σ.
For small ξs compared to the system size, the anchoring
strength W is large, and this means that the value of
the surface angle is always close to the easy-axis value
(θ = 0), as can be seen in Fig. 3(a), e.g. black lines.
Conversely, if ξs/L is large, electrostatics dominates and
θ(0) = pi/2 in a large parameter regime, see full yellow
line in Fig. 3(a). If ξs is, however, somewhere in between
these two extremes, electrostatics can compete with the
anchoring, and θ(0) lies between θ = 0 and θ = pi/2.
What is even more striking is that the surface angle is
quite strongly bulk ion (salt) concentration dependent,
since tuning λD changes the orientation of the director
on the bottom plate.
For the surface angle dependence, we see two asymp-
totes, one for low Debye screening length λD and one for
high λD. For low λD, or equivalently high salt concen-
tration ρs, the bottom charged plate is highly screened
by the ions and θ(0) coincides with the value as if there is
no surface charge on the bottom plate, see Eq. (15). The
value of the asymptote depends on the ratio ξs/L only.
The low-screening asymptote, that occurs at low salt
concentration and consequently large screening length,
is most relevant when the screening length becomes of
the order of the system size L. In this case the effect of
the electric field is largest and θ(z = 0) becomes closer
to pi/2, and even pi/2 when the anchoring is sufficiently
weak, see, for example, the full yellow line in Fig. 3(a)-
(b).
The almost linear profiles (see Fig. 2(b)) allow us to
define an effective anchoring strength W ∗ in this geom-
etry, given by the competition of the actual surface an-
choring and the effect of (screened) surface charge. By
mapping the case of non-vanishing σ and ρs on the lin-
ear profile of Eq. (15), we find assuming that charge
and salt renormalise the anchoring and not the easy-axis
value, the expression
W ∗
W
=
2[pi2 − θ(0)]
sin[2θ(0)]
ξs
L
. (16)
The ratio W ∗/W for varying ξs is shown in Fig. 3(b).
In line with Fig. 3(a) we see that an increase in θ(0),
in other words, more towards homeotropic, results in a
lowering of W ∗, such that the planar anchoring is less
favoured. When the bottom plate will have homeotropic
alignment θ(0) = pi/2, we have that W ∗ → K/L. For a
larger system size (compare dashed with full lines), there
is a larger variability of W ∗/W as function of λD, but
this does not necessarily mean that the surface angle will
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<latexit sha1_ base64="WPp2451AEBoKjKDVKNub 1TZXGi0=">AAAKGXicjVZLb9w2E FbSV3b7StpjL0QDF2mwsVdruwkMG HDtNMjBbdzESQxYQkBRI4lYiRRI yvaW0E/otT301/RW9NpT/02H1Ma7 WrdpZMDLeXD4zczHkZK65NqMx39f u/7Ou++9/8GNwfDDjz7+5NObtz5 7oWWjGDxnspTqJKEaSi7gueGmhJN aAa2SEl4m0wNnf3kGSnMpjs2shr iiueAZZ9Sg6tkd+vWrm7fH62P/kK uLcL64Hcyfo1e3BsEaOS6AZLIs5 TkXOTHnkjgEmlAFhKYppIQLwhAYa vCPcD1cI41GvZEkaXiJi4JrkkrW VCDMDpq95w6p06ykBi52iCV6Jphf SkHat3GJXgdkJdX6lG7VtAY1cgg 1T2FEwkltYquZSqScoj9iqimb0hx OhwTB1bubk/XtqhqhlEhjZLW7dan gQoDa3Rx3kmwMShO0DWObg6zAqF kvpE2wKimiM/2TGpM9iC0XNUYQrG 87DmObSXHVACJHQhSjtDGsiG1CE yj7p2X84h6rVo7SIGgFepSe8Vr7Z Ww9b/p7L/5FlytaF5xd9LW00npW JVeUFTXFFaXLRPcRFVTkoyQbOdOu 1dkIiSSNkAY0/wnaEcPugcL2YZ8 YrR1P+wG0VOYrJiskutYj0VQJEjy 2gpqEO1j4v+TSg59pMysRSK0VnG 3dC/v4Usn7Cp6ZAvqn2QJvjVKQ9T GcI5mQRvgfIfZNwrGGeVw8iS2u8R dpgPztZQHMpRbbuqQMuNArtcuwC DWuUD3vg66xwtaubxwUWBZQ4Ua7E CbLwuaysLUsbC8L3ywL9zfadohP j1BUsFmRIi2GkcPSVdNrEVZnzezl Emh6evhdbCMhmxqr5u5/VEJmKqq mPa+nT1a8FM+LnpvjxOkBemFHujI MIw2Gycaxw1U1hRoJZ0NX14pOge LwM2hD8VuzDzkXD+ezwK7h6CARXN RUpL6wkQIB58ihCjU9g26SeWeW1 V2ElRh7WbKHvo/2lzY5txadF6AkJ qCGvd77+61rYM4Lk6ooF051+kPH ZbJLnpTpM1fs0SHPqWmQ6ag8hpPR s4qW5QES+hFc6u1TECkoHEb7VHPW xvZ7LhAMOVKy7XeUipk/3N00HJa Q4dT2N99d9tn97db/tna8jmtf8am sqNtiWceT1kZF42m5XMO7NprbXX +1ocqc6Smv0fsMecvgrt2OXr+ovO GNATCf1e2Tt9yeSYWTqMWOkZXHR q9Tt5NxazfHbaSZxl3g99K65tk8C I4WHKaOogm+TaceAh65GnERMLyM CCUywekjN/d7tXVcnh8Q0cbIVJoI hE8HibCSjqJ5Dumi6J3sbhOm/hD w/aYAWfIITzroNtkoyVqHGQtQegR JpkFx0Kh10xnNw45xl02d0xYdDqn K8R5WGa14OesPK+u/LHRH2P8jzV q0yAO5ol0TC19BO65N6xx8uK5Rl3 1r/YsBL3xWNrrw8wA9fYF9DjZpF +V+gNUOx71yt/a/nJ2jDfvNIW/uj kft0NooItFj5PuilqfxEL+ZwtUv pKuLF5P1cLwe/ji5vbc1/3q6EXwR fBncCcLgfrAXPA6OgucBC/Lg5+C X4NfBb4PfB38M/uxcr1+b7/k86D2 Dv/4BOzymTw==</latexit><latexit sha1_ base64="WPp2451AEBoKjKDVKNub 1TZXGi0=">AAAKGXicjVZLb9w2E FbSV3b7StpjL0QDF2mwsVdruwkMG HDtNMjBbdzESQxYQkBRI4lYiRRI yvaW0E/otT301/RW9NpT/02H1Ma7 WrdpZMDLeXD4zczHkZK65NqMx39f u/7Ou++9/8GNwfDDjz7+5NObtz5 7oWWjGDxnspTqJKEaSi7gueGmhJN aAa2SEl4m0wNnf3kGSnMpjs2shr iiueAZZ9Sg6tkd+vWrm7fH62P/kK uLcL64Hcyfo1e3BsEaOS6AZLIs5 TkXOTHnkjgEmlAFhKYppIQLwhAYa vCPcD1cI41GvZEkaXiJi4JrkkrW VCDMDpq95w6p06ykBi52iCV6Jphf SkHat3GJXgdkJdX6lG7VtAY1cgg 1T2FEwkltYquZSqScoj9iqimb0hx OhwTB1bubk/XtqhqhlEhjZLW7dan gQoDa3Rx3kmwMShO0DWObg6zAqF kvpE2wKimiM/2TGpM9iC0XNUYQrG 87DmObSXHVACJHQhSjtDGsiG1CE yj7p2X84h6rVo7SIGgFepSe8Vr7Z Ww9b/p7L/5FlytaF5xd9LW00npW JVeUFTXFFaXLRPcRFVTkoyQbOdOu 1dkIiSSNkAY0/wnaEcPugcL2YZ8 YrR1P+wG0VOYrJiskutYj0VQJEjy 2gpqEO1j4v+TSg59pMysRSK0VnG 3dC/v4Usn7Cp6ZAvqn2QJvjVKQ9T GcI5mQRvgfIfZNwrGGeVw8iS2u8R dpgPztZQHMpRbbuqQMuNArtcuwC DWuUD3vg66xwtaubxwUWBZQ4Ua7E CbLwuaysLUsbC8L3ywL9zfadohP j1BUsFmRIi2GkcPSVdNrEVZnzezl Emh6evhdbCMhmxqr5u5/VEJmKqq mPa+nT1a8FM+LnpvjxOkBemFHujI MIw2Gycaxw1U1hRoJZ0NX14pOge LwM2hD8VuzDzkXD+ezwK7h6CARXN RUpL6wkQIB58ihCjU9g26SeWeW1 V2ElRh7WbKHvo/2lzY5txadF6AkJ qCGvd77+61rYM4Lk6ooF051+kPH ZbJLnpTpM1fs0SHPqWmQ6ag8hpPR s4qW5QES+hFc6u1TECkoHEb7VHPW xvZ7LhAMOVKy7XeUipk/3N00HJa Q4dT2N99d9tn97db/tna8jmtf8am sqNtiWceT1kZF42m5XMO7NprbXX +1ocqc6Smv0fsMecvgrt2OXr+ovO GNATCf1e2Tt9yeSYWTqMWOkZXHR q9Tt5NxazfHbaSZxl3g99K65tk8C I4WHKaOogm+TaceAh65GnERMLyM CCUywekjN/d7tXVcnh8Q0cbIVJoI hE8HibCSjqJ5Dumi6J3sbhOm/hD w/aYAWfIITzroNtkoyVqHGQtQegR JpkFx0Kh10xnNw45xl02d0xYdDqn K8R5WGa14OesPK+u/LHRH2P8jzV q0yAO5ol0TC19BO65N6xx8uK5Rl3 1r/YsBL3xWNrrw8wA9fYF9DjZpF +V+gNUOx71yt/a/nJ2jDfvNIW/uj kft0NooItFj5PuilqfxEL+ZwtUv pKuLF5P1cLwe/ji5vbc1/3q6EXwR fBncCcLgfrAXPA6OgucBC/Lg5+C X4NfBb4PfB38M/uxcr1+b7/k86D2 Dv/4BOzymTw==</latexit><latexit sha1_ base64="WPp2451AEBoKjKDVKNub 1TZXGi0=">AAAKGXicjVZLb9w2E FbSV3b7StpjL0QDF2mwsVdruwkMG HDtNMjBbdzESQxYQkBRI4lYiRRI yvaW0E/otT301/RW9NpT/02H1Ma7 WrdpZMDLeXD4zczHkZK65NqMx39f u/7Ou++9/8GNwfDDjz7+5NObtz5 7oWWjGDxnspTqJKEaSi7gueGmhJN aAa2SEl4m0wNnf3kGSnMpjs2shr iiueAZZ9Sg6tkd+vWrm7fH62P/kK uLcL64Hcyfo1e3BsEaOS6AZLIs5 TkXOTHnkjgEmlAFhKYppIQLwhAYa vCPcD1cI41GvZEkaXiJi4JrkkrW VCDMDpq95w6p06ykBi52iCV6Jphf SkHat3GJXgdkJdX6lG7VtAY1cgg 1T2FEwkltYquZSqScoj9iqimb0hx OhwTB1bubk/XtqhqhlEhjZLW7dan gQoDa3Rx3kmwMShO0DWObg6zAqF kvpE2wKimiM/2TGpM9iC0XNUYQrG 87DmObSXHVACJHQhSjtDGsiG1CE yj7p2X84h6rVo7SIGgFepSe8Vr7Z Ww9b/p7L/5FlytaF5xd9LW00npW JVeUFTXFFaXLRPcRFVTkoyQbOdOu 1dkIiSSNkAY0/wnaEcPugcL2YZ8 YrR1P+wG0VOYrJiskutYj0VQJEjy 2gpqEO1j4v+TSg59pMysRSK0VnG 3dC/v4Usn7Cp6ZAvqn2QJvjVKQ9T GcI5mQRvgfIfZNwrGGeVw8iS2u8R dpgPztZQHMpRbbuqQMuNArtcuwC DWuUD3vg66xwtaubxwUWBZQ4Ua7E CbLwuaysLUsbC8L3ywL9zfadohP j1BUsFmRIi2GkcPSVdNrEVZnzezl Emh6evhdbCMhmxqr5u5/VEJmKqq mPa+nT1a8FM+LnpvjxOkBemFHujI MIw2Gycaxw1U1hRoJZ0NX14pOge LwM2hD8VuzDzkXD+ezwK7h6CARXN RUpL6wkQIB58ihCjU9g26SeWeW1 V2ElRh7WbKHvo/2lzY5txadF6AkJ qCGvd77+61rYM4Lk6ooF051+kPH ZbJLnpTpM1fs0SHPqWmQ6ag8hpPR s4qW5QES+hFc6u1TECkoHEb7VHPW xvZ7LhAMOVKy7XeUipk/3N00HJa Q4dT2N99d9tn97db/tna8jmtf8am sqNtiWceT1kZF42m5XMO7NprbXX +1ocqc6Smv0fsMecvgrt2OXr+ovO GNATCf1e2Tt9yeSYWTqMWOkZXHR q9Tt5NxazfHbaSZxl3g99K65tk8C I4WHKaOogm+TaceAh65GnERMLyM CCUywekjN/d7tXVcnh8Q0cbIVJoI hE8HibCSjqJ5Dumi6J3sbhOm/hD w/aYAWfIITzroNtkoyVqHGQtQegR JpkFx0Kh10xnNw45xl02d0xYdDqn K8R5WGa14OesPK+u/LHRH2P8jzV q0yAO5ol0TC19BO65N6xx8uK5Rl3 1r/YsBL3xWNrrw8wA9fYF9DjZpF +V+gNUOx71yt/a/nJ2jDfvNIW/uj kft0NooItFj5PuilqfxEL+ZwtUv pKuLF5P1cLwe/ji5vbc1/3q6EXwR fBncCcLgfrAXPA6OgucBC/Lg5+C X4NfBb4PfB38M/uxcr1+b7/k86D2 Dv/4BOzymTw==</latexit><latexit sha1_ base64="WPp2451AEBoKjKDVKNub 1TZXGi0=">AAAKGXicjVZLb9w2E FbSV3b7StpjL0QDF2mwsVdruwkMG HDtNMjBbdzESQxYQkBRI4lYiRRI yvaW0E/otT301/RW9NpT/02H1Ma7 WrdpZMDLeXD4zczHkZK65NqMx39f u/7Ou++9/8GNwfDDjz7+5NObtz5 7oWWjGDxnspTqJKEaSi7gueGmhJN aAa2SEl4m0wNnf3kGSnMpjs2shr iiueAZZ9Sg6tkd+vWrm7fH62P/kK uLcL64Hcyfo1e3BsEaOS6AZLIs5 TkXOTHnkjgEmlAFhKYppIQLwhAYa vCPcD1cI41GvZEkaXiJi4JrkkrW VCDMDpq95w6p06ykBi52iCV6Jphf SkHat3GJXgdkJdX6lG7VtAY1cgg 1T2FEwkltYquZSqScoj9iqimb0hx OhwTB1bubk/XtqhqhlEhjZLW7dan gQoDa3Rx3kmwMShO0DWObg6zAqF kvpE2wKimiM/2TGpM9iC0XNUYQrG 87DmObSXHVACJHQhSjtDGsiG1CE yj7p2X84h6rVo7SIGgFepSe8Vr7Z Ww9b/p7L/5FlytaF5xd9LW00npW JVeUFTXFFaXLRPcRFVTkoyQbOdOu 1dkIiSSNkAY0/wnaEcPugcL2YZ8 YrR1P+wG0VOYrJiskutYj0VQJEjy 2gpqEO1j4v+TSg59pMysRSK0VnG 3dC/v4Usn7Cp6ZAvqn2QJvjVKQ9T GcI5mQRvgfIfZNwrGGeVw8iS2u8R dpgPztZQHMpRbbuqQMuNArtcuwC DWuUD3vg66xwtaubxwUWBZQ4Ua7E CbLwuaysLUsbC8L3ywL9zfadohP j1BUsFmRIi2GkcPSVdNrEVZnzezl Emh6evhdbCMhmxqr5u5/VEJmKqq mPa+nT1a8FM+LnpvjxOkBemFHujI MIw2Gycaxw1U1hRoJZ0NX14pOge LwM2hD8VuzDzkXD+ezwK7h6CARXN RUpL6wkQIB58ihCjU9g26SeWeW1 V2ElRh7WbKHvo/2lzY5txadF6AkJ qCGvd77+61rYM4Lk6ooF051+kPH ZbJLnpTpM1fs0SHPqWmQ6ag8hpPR s4qW5QES+hFc6u1TECkoHEb7VHPW xvZ7LhAMOVKy7XeUipk/3N00HJa Q4dT2N99d9tn97db/tna8jmtf8am sqNtiWceT1kZF42m5XMO7NprbXX +1ocqc6Smv0fsMecvgrt2OXr+ovO GNATCf1e2Tt9yeSYWTqMWOkZXHR q9Tt5NxazfHbaSZxl3g99K65tk8C I4WHKaOogm+TaceAh65GnERMLyM CCUywekjN/d7tXVcnh8Q0cbIVJoI hE8HibCSjqJ5Dumi6J3sbhOm/hD w/aYAWfIITzroNtkoyVqHGQtQegR JpkFx0Kh10xnNw45xl02d0xYdDqn K8R5WGa14OesPK+u/LHRH2P8jzV q0yAO5ol0TC19BO65N6xx8uK5Rl3 1r/YsBL3xWNrrw8wA9fYF9DjZpF +V+gNUOx71yt/a/nJ2jDfvNIW/uj kft0NooItFj5PuilqfxEL+ZwtUv pKuLF5P1cLwe/ji5vbc1/3q6EXwR fBncCcLgfrAXPA6OgucBC/Lg5+C X4NfBb4PfB38M/uxcr1+b7/k86D2 Dv/4BOzymTw==</latexit>
(c)
<latexit sha1_base64="xoO4wO2lvjGfzUOpNWlu7prLJxs=">AAAK GXicjVZLb9w2EFbSV3b7StpjL0QDF2mwsVdruwkMGHDtNMjBbdzESQxYQkBRI4lYiRRIyvaW0E/otT301/RW9NpT/02H1Ma7WrdpZMDLeXD4zc zHkZK65NqMx39fu/7Ou++9/8GNwfDDjz7+5NObtz57oWWjGDxnspTqJKEaSi7gueGmhJNaAa2SEl4m0wNnf3kGSnMpjs2shriiueAZZ9Sg6tkd 9vWrm7fH62P/kKuLcL64Hcyfo1e3BsEaOS6AZLIs5TkXOTHnkjgEmlAFhKYppIQLwhAYavCPcD1cI41GvZEkaXiJi4JrkkrWVCDMDpq95w6p06 ykBi52iCV6JphfSkHat3GJXgdkJdX6lG7VtAY1cgg1T2FEwkltYquZSqScoj9iqimb0hxOhwTB1bubk/XtqhqhlEhjZLW7dangQoDa3Rx3kmwM ShO0DWObg6zAqFkvpE2wKimiM/2TGpM9iC0XNUYQrG87DmObSXHVACJHQhSjtDGsiG1CEyj7p2X84h6rVo7SIGgFepSe8Vr7ZWw9b/p7L/5Fly taF5xd9LW00npWJVeUFTXFFaXLRPcRFVTkoyQbOdOu1dkIiSSNkAY0/wnaEcPugcL2YZ8YrR1P+wG0VOYrJiskutYj0VQJEjy2gpqEO1j4v+TSg 59pMysRSK0VnG3dC/v4Usn7Cp6ZAvqn2QJvjVKQ9TGcI5mQRvgfIfZNwrGGeVw8iS2u8RdpgPztZQHMpRbbuqQMuNArtcuwCDWuUD3vg66xwta ubxwUWBZQ4Ua7ECbLwuaysLUsbC8L3ywL9zfadohPj1BUsFmRIi2GkcPSVdNrEVZnzezlEmh6evhdbCMhmxqr5u5/VEJmKqqmPa+nT1a8FM+Ln pvjxOkBemFHujIMIw2Gycaxw1U1hRoJZ0NX14pOgeLwM2hD8VuzDzkXD+ezwK7h6CARXNRUpL6wkQIB58ihCjU9g26SeWeW1V2ElRh7WbKHvo/ 2lzY5txadF6AkJqCGvd77+61rYM4Lk6ooF051+kPHZbJLnpTpM1fs0SHPqWmQ6ag8hpPRs4qW5QES+hFc6u1TECkoHEb7VHPWxvZ7LhAMOVKy7 XeUipk/3N00HJaQ4dT2N99d9tn97db/tna8jmtf8amsqNtiWceT1kZF42m5XMO7NprbXX+1ocqc6Smv0fsMecvgrt2OXr+ovOGNATCf1e2Tt9ye SYWTqMWOkZXHRq9Tt5NxazfHbaSZxl3g99K65tk8CI4WHKaOogm+TaceAh65GnERMLyMCCUywekjN/d7tXVcnh8Q0cbIVJoIhE8HibCSjqJ5Du mi6J3sbhOm/hDw/aYAWfIITzroNtkoyVqHGQtQegRJpkFx0Kh10xnNw45xl02d0xYdDqnK8R5WGa14OesPK+u/LHRH2P8jzVq0yAO5ol0TC19B O65N6xx8uK5Rl31r/YsBL3xWNrrw8wA9fYF9DjZpF+V+gNUOx71yt/a/nJ2jDfvNIW/ujkft0NooItFj5PuilqfxEL+ZwtUvpKuLF5P1cLwe/j i5vbc1/3q6EXwRfBncCcLgfrAXPA6OgucBC/Lg5+CX4NfBb4PfB38M/uxcr1+b7/k86D2Dv/4BTqSmUQ==</latexit><latexit sha1_base64="xoO4wO2lvjGfzUOpNWlu7prLJxs=">AAAK GXicjVZLb9w2EFbSV3b7StpjL0QDF2mwsVdruwkMGHDtNMjBbdzESQxYQkBRI4lYiRRIyvaW0E/otT301/RW9NpT/02H1Ma7WrdpZMDLeXD4zc zHkZK65NqMx39fu/7Ou++9/8GNwfDDjz7+5NObtz57oWWjGDxnspTqJKEaSi7gueGmhJNaAa2SEl4m0wNnf3kGSnMpjs2shriiueAZZ9Sg6tkd 9vWrm7fH62P/kKuLcL64Hcyfo1e3BsEaOS6AZLIs5TkXOTHnkjgEmlAFhKYppIQLwhAYavCPcD1cI41GvZEkaXiJi4JrkkrWVCDMDpq95w6p06 ykBi52iCV6JphfSkHat3GJXgdkJdX6lG7VtAY1cgg1T2FEwkltYquZSqScoj9iqimb0hxOhwTB1bubk/XtqhqhlEhjZLW7dangQoDa3Rx3kmwM ShO0DWObg6zAqFkvpE2wKimiM/2TGpM9iC0XNUYQrG87DmObSXHVACJHQhSjtDGsiG1CEyj7p2X84h6rVo7SIGgFepSe8Vr7ZWw9b/p7L/5Fly taF5xd9LW00npWJVeUFTXFFaXLRPcRFVTkoyQbOdOu1dkIiSSNkAY0/wnaEcPugcL2YZ8YrR1P+wG0VOYrJiskutYj0VQJEjy2gpqEO1j4v+TSg 59pMysRSK0VnG3dC/v4Usn7Cp6ZAvqn2QJvjVKQ9TGcI5mQRvgfIfZNwrGGeVw8iS2u8RdpgPztZQHMpRbbuqQMuNArtcuwCDWuUD3vg66xwta ubxwUWBZQ4Ua7ECbLwuaysLUsbC8L3ywL9zfadohPj1BUsFmRIi2GkcPSVdNrEVZnzezlEmh6evhdbCMhmxqr5u5/VEJmKqqmPa+nT1a8FM+Ln pvjxOkBemFHujIMIw2Gycaxw1U1hRoJZ0NX14pOgeLwM2hD8VuzDzkXD+ezwK7h6CARXNRUpL6wkQIB58ihCjU9g26SeWeW1V2ElRh7WbKHvo/ 2lzY5txadF6AkJqCGvd77+61rYM4Lk6ooF051+kPHZbJLnpTpM1fs0SHPqWmQ6ag8hpPRs4qW5QES+hFc6u1TECkoHEb7VHPWxvZ7LhAMOVKy7 XeUipk/3N00HJaQ4dT2N99d9tn97db/tna8jmtf8amsqNtiWceT1kZF42m5XMO7NprbXX+1ocqc6Smv0fsMecvgrt2OXr+ovOGNATCf1e2Tt9ye SYWTqMWOkZXHRq9Tt5NxazfHbaSZxl3g99K65tk8CI4WHKaOogm+TaceAh65GnERMLyMCCUywekjN/d7tXVcnh8Q0cbIVJoIhE8HibCSjqJ5Du mi6J3sbhOm/hDw/aYAWfIITzroNtkoyVqHGQtQegRJpkFx0Kh10xnNw45xl02d0xYdDqnK8R5WGa14OesPK+u/LHRH2P8jzVq0yAO5ol0TC19B O65N6xx8uK5Rl31r/YsBL3xWNrrw8wA9fYF9DjZpF+V+gNUOx71yt/a/nJ2jDfvNIW/ujkft0NooItFj5PuilqfxEL+ZwtUvpKuLF5P1cLwe/j i5vbc1/3q6EXwRfBncCcLgfrAXPA6OgucBC/Lg5+CX4NfBb4PfB38M/uxcr1+b7/k86D2Dv/4BTqSmUQ==</latexit><latexit sha1_base64="xoO4wO2lvjGfzUOpNWlu7prLJxs=">AAAK GXicjVZLb9w2EFbSV3b7StpjL0QDF2mwsVdruwkMGHDtNMjBbdzESQxYQkBRI4lYiRRIyvaW0E/otT301/RW9NpT/02H1Ma7WrdpZMDLeXD4zc zHkZK65NqMx39fu/7Ou++9/8GNwfDDjz7+5NObtz57oWWjGDxnspTqJKEaSi7gueGmhJNaAa2SEl4m0wNnf3kGSnMpjs2shriiueAZZ9Sg6tkd 9vWrm7fH62P/kKuLcL64Hcyfo1e3BsEaOS6AZLIs5TkXOTHnkjgEmlAFhKYppIQLwhAYavCPcD1cI41GvZEkaXiJi4JrkkrWVCDMDpq95w6p06 ykBi52iCV6JphfSkHat3GJXgdkJdX6lG7VtAY1cgg1T2FEwkltYquZSqScoj9iqimb0hxOhwTB1bubk/XtqhqhlEhjZLW7dangQoDa3Rx3kmwM ShO0DWObg6zAqFkvpE2wKimiM/2TGpM9iC0XNUYQrG87DmObSXHVACJHQhSjtDGsiG1CEyj7p2X84h6rVo7SIGgFepSe8Vr7ZWw9b/p7L/5Fly taF5xd9LW00npWJVeUFTXFFaXLRPcRFVTkoyQbOdOu1dkIiSSNkAY0/wnaEcPugcL2YZ8YrR1P+wG0VOYrJiskutYj0VQJEjy2gpqEO1j4v+TSg 59pMysRSK0VnG3dC/v4Usn7Cp6ZAvqn2QJvjVKQ9TGcI5mQRvgfIfZNwrGGeVw8iS2u8RdpgPztZQHMpRbbuqQMuNArtcuwCDWuUD3vg66xwta ubxwUWBZQ4Ua7ECbLwuaysLUsbC8L3ywL9zfadohPj1BUsFmRIi2GkcPSVdNrEVZnzezlEmh6evhdbCMhmxqr5u5/VEJmKqqmPa+nT1a8FM+Ln pvjxOkBemFHujIMIw2Gycaxw1U1hRoJZ0NX14pOgeLwM2hD8VuzDzkXD+ezwK7h6CARXNRUpL6wkQIB58ihCjU9g26SeWeW1V2ElRh7WbKHvo/ 2lzY5txadF6AkJqCGvd77+61rYM4Lk6ooF051+kPHZbJLnpTpM1fs0SHPqWmQ6ag8hpPRs4qW5QES+hFc6u1TECkoHEb7VHPWxvZ7LhAMOVKy7 XeUipk/3N00HJaQ4dT2N99d9tn97db/tna8jmtf8amsqNtiWceT1kZF42m5XMO7NprbXX+1ocqc6Smv0fsMecvgrt2OXr+ovOGNATCf1e2Tt9ye SYWTqMWOkZXHRq9Tt5NxazfHbaSZxl3g99K65tk8CI4WHKaOogm+TaceAh65GnERMLyMCCUywekjN/d7tXVcnh8Q0cbIVJoIhE8HibCSjqJ5Du mi6J3sbhOm/hDw/aYAWfIITzroNtkoyVqHGQtQegRJpkFx0Kh10xnNw45xl02d0xYdDqnK8R5WGa14OesPK+u/LHRH2P8jzVq0yAO5ol0TC19B O65N6xx8uK5Rl31r/YsBL3xWNrrw8wA9fYF9DjZpF+V+gNUOx71yt/a/nJ2jDfvNIW/ujkft0NooItFj5PuilqfxEL+ZwtUvpKuLF5P1cLwe/j i5vbc1/3q6EXwRfBncCcLgfrAXPA6OgucBC/Lg5+CX4NfBb4PfB38M/uxcr1+b7/k86D2Dv/4BTqSmUQ==</latexit><latexit sha1_base64="xoO4wO2lvjGfzUOpNWlu7prLJxs=">AAAK GXicjVZLb9w2EFbSV3b7StpjL0QDF2mwsVdruwkMGHDtNMjBbdzESQxYQkBRI4lYiRRIyvaW0E/otT301/RW9NpT/02H1Ma7WrdpZMDLeXD4zc zHkZK65NqMx39fu/7Ou++9/8GNwfDDjz7+5NObtz57oWWjGDxnspTqJKEaSi7gueGmhJNaAa2SEl4m0wNnf3kGSnMpjs2shriiueAZZ9Sg6tkd 9vWrm7fH62P/kKuLcL64Hcyfo1e3BsEaOS6AZLIs5TkXOTHnkjgEmlAFhKYppIQLwhAYavCPcD1cI41GvZEkaXiJi4JrkkrWVCDMDpq95w6p06 ykBi52iCV6JphfSkHat3GJXgdkJdX6lG7VtAY1cgg1T2FEwkltYquZSqScoj9iqimb0hxOhwTB1bubk/XtqhqhlEhjZLW7dangQoDa3Rx3kmwM ShO0DWObg6zAqFkvpE2wKimiM/2TGpM9iC0XNUYQrG87DmObSXHVACJHQhSjtDGsiG1CEyj7p2X84h6rVo7SIGgFepSe8Vr7ZWw9b/p7L/5Fly taF5xd9LW00npWJVeUFTXFFaXLRPcRFVTkoyQbOdOu1dkIiSSNkAY0/wnaEcPugcL2YZ8YrR1P+wG0VOYrJiskutYj0VQJEjy2gpqEO1j4v+TSg 59pMysRSK0VnG3dC/v4Usn7Cp6ZAvqn2QJvjVKQ9TGcI5mQRvgfIfZNwrGGeVw8iS2u8RdpgPztZQHMpRbbuqQMuNArtcuwCDWuUD3vg66xwta ubxwUWBZQ4Ua7ECbLwuaysLUsbC8L3ywL9zfadohPj1BUsFmRIi2GkcPSVdNrEVZnzezlEmh6evhdbCMhmxqr5u5/VEJmKqqmPa+nT1a8FM+Ln pvjxOkBemFHujIMIw2Gycaxw1U1hRoJZ0NX14pOgeLwM2hD8VuzDzkXD+ezwK7h6CARXNRUpL6wkQIB58ihCjU9g26SeWeW1V2ElRh7WbKHvo/ 2lzY5txadF6AkJqCGvd77+61rYM4Lk6ooF051+kPHZbJLnpTpM1fs0SHPqWmQ6ag8hpPRs4qW5QES+hFc6u1TECkoHEb7VHPWxvZ7LhAMOVKy7 XeUipk/3N00HJaQ4dT2N99d9tn97db/tna8jmtf8amsqNtiWceT1kZF42m5XMO7NprbXX+1ocqc6Smv0fsMecvgrt2OXr+ovOGNATCf1e2Tt9ye SYWTqMWOkZXHRq9Tt5NxazfHbaSZxl3g99K65tk8CI4WHKaOogm+TaceAh65GnERMLyMCCUywekjN/d7tXVcnh8Q0cbIVJoIhE8HibCSjqJ5Du mi6J3sbhOm/hDw/aYAWfIITzroNtkoyVqHGQtQegRJpkFx0Kh10xnNw45xl02d0xYdDqnK8R5WGa14OesPK+u/LHRH2P8jzVq0yAO5ol0TC19B O65N6xx8uK5Rl31r/YsBL3xWNrrw8wA9fYF9DjZpF+V+gNUOx71yt/a/nJ2jDfvNIW/ujkft0NooItFj5PuilqfxEL+ZwtUvpKuLF5P1cLwe/j i5vbc1/3q6EXwRfBncCcLgfrAXPA6OgucBC/Lg5+CX4NfBb4PfB38M/uxcr1+b7/k86D2Dv/4BTqSmUQ==</latexit>
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Figure 3. Effective surface anchoring controlled by surface charge. Variability of the director angle θ at the bottom plate of the
cell (at z = 0) as function of Debye screening length λD or equivalently reservoir salt concentration ρs. For fixed surface charge
density σ = 2 · 10−4 nm−2 and varying surface extrapolation length ξs, we show (a) the surface angle and (b) the effective
anchoring strength W ∗ with respect to the bare anchoring strength W . The full lines are for system size L = 1 µm, while the
dashed lines are for L = 2 µm. In (c) we show θ(0) for the same parameters but for fixed ξs = 5 µm and varying σ and in (d)
for the same curves the dependency of W ∗/W on salt concentration.
have larger values, because θ(0) is also determined by the
value of L.
Similar nematic behaviour arises upon varying the sur-
face charge density σ, as shown in Fig. 3(c)-(d) for the
same two different system sizes as in Figs. 3(a)-(b) (full
and dashed lines). Again two asymptotes for the surface
angle emerge as functions of the Debye screening length,
where the high-screening asymptote is independent of the
value of σ, whereas increasing σ does change the value
of the low-screening asymptote. In Fig. 3(d) we see the
equivalent formulation in terms of W ∗/W .
Nematic orientational ordering at the surface directly
affects also the electric field at the surface. Indeed, for all
regimes of surface nematic director shown in Fig. 3, the
normal component of the electric field E at the surface,
given as
Ez(0) =
4piλB ¯kBTσ
qe[⊥ + ∆ sin2 θ(0)]
, (17)
decreases for increasing λD, since θ(0) increases. This
could be considered as counterintuitive since one would
expect that a larger magnitude of the electric field at the
bottom plate’s surface would also reorient the director
more parallel to the electric field, but in Fig. 3 we see the
opposite. This shows that the value of the surface angle
depends more on the ability of the electric field to distort
the nematic from the zero-σ case sufficiently far from
the plate, than the ability of the electric field to distort
the nematic close to the bottom plate. This situation is
reminiscent of the Fre´edericksz transition [46], where the
electric coherence length that quantifies the ability of the
electric field to overcome the elastic interactions, should
be sufficiently large in order to have a transition in the
nematic cell [2].
This leads us to the natural question: “For what pa-
rameter values of ξs, L and σ is the surface angle the
most tuneable by varying the salt concentration?”. We
attempt to answer this question by calculating the value
of θ(0) at the low-screening asymptote and to compare it
with the value at λD = 1 nm, and consider their differ-
ence ∆θ = θ(z = 0, λD →∞)−θ(z = 0, λD = 1 nm). We
do not use the high-screening asymptote in this compar-
ison since for some set of parameters, we find θ(0) = pi/2
in the range of λD between 1 nm and 10L. In these cases,
the high-screening asymptote is only reached at low, un-
physical values of λD, which are similar or smaller than
the size of the molecular building blocks, and then our
continuum theory breaks down.
6(b)
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Figure 4. Tunability of the surface-angle difference ∆θ be-
tween screening lengths of 1 nm and the low-screening regime
(λD > L) as function of system size L and surface extrap-
olation length ξs, for two different surface charge densities
σ.
We plot ∆θ in Fig. 4 for varying ξs and L for two
values of σ. We see that the surface angle is most tunable
for ξs < L (for ξs > L the director would align in a
completely homeotropic manner), and that the specific
values of ξs and L for which it is tuneable depends on σ:
for low σ this occurs at higher values of ξs and L than
for high σ, for which the tendency to reorient towards a
homeotropic alignment is larger.
Finally, in this section, we assumed that the nematic
dielectric anisotropy is positive, ∆ > 0, so the director
tends to lie parallel to the electric field. In the case where
∆ < 0, the dielectric coupling between nematic director
and electric filed would prefer the director to align per-
pendicular to E, and in this case θ(0) would decrease
with the Debye screening length λD. Such behaviour, for
example, could be realised by using nematic materials
like MBBA [47].
IV. CHARGE-REGULATION EFFECTS ON
THE ANCHORING-STRENGTH TUNABILITY
Realistic chargeable surfaces are not necessarily con-
stant charge over the full range of salt concentrations
what we have assumed in Sec. III. Therefore, charge reg-
ulation is of major interest in soft matter applications,
from the charging behaviour of colloidal particles [37, 48–
52], to the effect on interaction potentials [53], to phase
behaviour [38, 54], but it is also important in biological
context. We use the Langmuir adsorption isotherms [55]
and consider two different systems that are characterised
by the following chemical reactions,
Sa + P
+  SaP+, Ka =
ϑSa [P
+]
ϑSaP+
, (CRa), (18)
SdN S+d + N−, Kd =
ϑS+d
[N+]
ϑSdN
, (CRd), (19)
where Sa is a neutral surface site that acquires its charge
by adsorption of a cation (P+), and SdN is a surface site
(a)
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Figure 5. Effect of charge regulation on (a) the surface angle
θ(0) and (b) the surface charge density σ on the bottom plate
as function of the isotropic screening length λD or equiva-
lently the reservoir salt concentration ρs. The various reac-
tion mechanisms, charging via association of a cation (CRa)
or dissociation of an anion (CRd), are compared with the
constant-charge case (CC) for various pK values. We choose
σ in the CC case such that it matches the high-screening
σ of the CRa cases, and the low-screened asymptote of the
CRd case. In all plots, we set surface extrapolation length
ξs = 5 µm and system size L = 10 µm.
that can positively charged by losing an anion (N−). The
equilibrium constants for these reactions are given by Ki,
(i = a, d), ϑi denote surface coverages (fraction of sites
occupied), and square brackets denote the concentration
of the particular species.
It is straightforward to derive an expression for the sur-
face charge density, we find using [P+] = ρs exp[−φ(0+)]
and [N−] = ρs exp[φ(0+)], and using that the total num-
ber of sites are conserved, that
σ = σm
{
1 +
Ka
ρs
exp[φ(0+)]
}−1
, (CRa), (20)
σ = σm
{
1 +
ρs
Kd
exp[φ(0+)]
}−1
, (CRd). (21)
where σm is the surface number density of chargeable
sites,. Eqs. (20) and (21) will be used in boundary con-
dition Eq. (8), rather than choosing a fixed value of σ.
We note that these expressions can also be obtained by
adding an appropriate surface free energy to the total free
7energy [53]. These two reactions behave differently as
function of salt concentration and hence of λD. Surfaces
with reaction CRa discharge for increasing λD (decreas-
ing ρs). The maximal surface charge density σmax equals
σm. In contrast, surfaces with reaction CRd acquire a
higher surface charge for increasing λD. In this case and
for our choice of parameters, we find σmax  σm since in
this confined geometry a Donnan potential is generated
φ(L) > 0 at high λD.
In Fig. 5 we compare the CRd and CRa case with the
constant-charge (CC) case. We chose parameters such
that the plot highlights the differences best. We choose
values of Ki and σm such that the CR cases saturate at
σmax ≈ 1.5 · 10−4 nm−2, for CRd at high λD, and for
CRa at low λD. For CRd we took σm = 1 nm
−2, but the
precise value is not so relevant as it is for the CRa case.
For the CC case we took σ = σmax. In Fig. 5(b) we plot
σ as function of λD, showing the charging/discharging
differences between the CRa and CRd cases.
When compared to the CC case, we see that reaction
CRd reaches its high-screening asymptote at a higher
value of λD than the CC case, see Fig. 5(a). The reason
is that the surface charge σ is lower at these salt con-
centrations, see Fig. 5(b), because of charge regulation.
The low-screening asymptote coincides with that of the
CC case by construction. Hence the tunability range at
the same σ for CRd is smaller than for CC and the value
of Kd tunes the value of σmax.
On the other hand, for this set of parameters we see
that CRa gives a non-monotonous behaviour for θ(0) as
function of λD. This non-monotonous behaviour is be-
cause of two opposing effects. Firstly, σ decreases for in-
creasing λD, and secondly, when λD increases the charge
becomes more important to reorient the director towards
pi/2. When σ reaches σmax the curve follows the CC
curve with the same value of σ as the σmax of the CRd
case. The value of σmax is set by σm rather than the value
of Ka (in contrast with the CRd case). Ka instead sets
the value of λD at which the plate starts to discharge for
increasing λD. This means we can shift the maximum of
θ(0) as function of λD by tuning Ka (compare the green
lines in Fig. 5(a)). For 5CB the most interesting range
is to have σ tunable in the 100 nm-1 µm regime, these
are Debye screening lengths that are still reachable by
doping 5CB, and it is easier to dope than to deionise a
liquid crystal.
Finally, we note that the two reaction mechanisms
CRa and CRd give so remarkably different anchoring be-
haviour that by measuring the director orientation one
can learn something of the reaction mechanism on how a
general surface becomes charged. This is a valuable ob-
servation because for some surfaces the charging process
is not known in detail and one has to hypothesise the
chemical reactions for the surface charging.
V. FLEXOELECTRICITY-DRIVEN
ANCHORING CONTROL
Flexoelectricity is shown as another strong electro-
static mechanism for controlling the effective surface an-
choring, as an alternative or as an addition to the sur-
face alignment control by surface charge. Because of the
geometric constraints in the nematic cell under consid-
eration, we can tune the strength of the flexoelectricity
by a single parameter e = e1 + e3, and consider it as a
tuning parameter to access different material regimes. In
contrast to just having a surface charge, flexoelectricity
results in a bound space-charge density to which the ions
can couple.
Flexoelectricity-driven control of surface ordering is
shown in Fig. 6. In Fig. 6(a), the nematic director sur-
face angle θ(0) is shown for different screening lengths
λD, and we see that upon increasing λD, initially θ(0)
decreases, and then increases when λD exceeds ∼ 103
nm. This effect is rather weak, with the change in the
director angle of the order of 1◦, and is also independent
of the sign of e, because the EL equations have an inter-
nal symmetry φ→ −φ for σ = 0. The dashed black line
in Fig. 6(a) shows the case where σ = 0 and e = 0, and
corresponds to the linear profile as given by Eq. (15).
In order to understand this small, non-monotonous,
non-linear behaviour, we consider the flexoelectric sur-
face bound charge density on the bottom plate, given by
σf = −Pf · νˆ, with νˆ an outward-pointing unit normal,
such that
σf = −e
2
sin[2θ(0)]θ′(0). (22)
In Fig. 6(b), we plot σf for various values of e. The
dashed lines indicate the situation where we take the lin-
ear profile of Eq. (15) and put it in Eq. (22). This can
be interpreted as if the presence of flexoelectricity would
not perturb the director profile, but still generate a flexo-
electric polarisation since there is a director gradient. We
see that σf follows the same trend as θ(0) as function of
salt concentration: when σf is high (more negative) θ(0)
is also larger and vice versa.
What is surprising is that at the no-salt limit (high
λD) σf is higher than the unperturbed state, the system
prefers to have a surface flexoelectric polarisation. This
can be rationalised when we also consider the bulk, where
a flexoelectric polarisation (volume) charge density ρf =
−∇ ·Pf is generated, given by
ρf (z) = −e
2
{
2 cos[2θ(z)][θ′(z)]2 + sin[2θ(z)]θ′′(z)
}
.
(23)
In the low-screening limit we plot ρf (z) in Fig. 6(c), and
in dotted grey we plot the situation when the director
profile would not be perturbed. The salt concentration
is negligible. We see that close to the bottom plate, a
higher (more negative) ρf is found compared to the un-
perturbed state (compare full blue with dotted grey line),
and the same happens close to the top plate, albeit the
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<latexit sha1_base64="jj4/TBO3qhJP/PqR8+Rivd97nPI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZlRQTdKQ RcuK9gHdMYhk8m0oUlmSDJCGbpx46+4caGIW//BnX9j2s5CWw8EDuecS+49Ycqo0o7zbZUWFpeWV8qrlbX1jc0te3unpZJMYtLECUtkJ0SKMCpIU1PNSCeVBPGQkXY4uBr77QciFU3EnR6mxOeoJ2hMMdJGCux9j5lwhILrC9e5P4Ee9DjSfclzw UeBXXVqzgRwnrgFqYICjcD+8qIEZ5wIjRlSqus6qfZzJDXFjIwqXqZIivAA9UjXUIE4UX4+uWIED40SwTiR5gkNJ+rviRxxpYY8NMnximrWG4v/ed1Mx+d+TkWaaSLw9KM4Y1AncFwJjKgkWLOhIQhLanaFuI8kwtoUVzEluLMnz5PWcc11au7tab V+WdRRBnvgABwBF5yBOrgBDdAEGDyCZ/AK3qwn68V6tz6m0ZJVzOyCP7A+fwALf5ei</latexit><latexit sha1_base64="jj4/TBO3qhJP/PqR8+Rivd97nPI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZlRQTdKQ RcuK9gHdMYhk8m0oUlmSDJCGbpx46+4caGIW//BnX9j2s5CWw8EDuecS+49Ycqo0o7zbZUWFpeWV8qrlbX1jc0te3unpZJMYtLECUtkJ0SKMCpIU1PNSCeVBPGQkXY4uBr77QciFU3EnR6mxOeoJ2hMMdJGCux9j5lwhILrC9e5P4Ee9DjSfclzw UeBXXVqzgRwnrgFqYICjcD+8qIEZ5wIjRlSqus6qfZzJDXFjIwqXqZIivAA9UjXUIE4UX4+uWIED40SwTiR5gkNJ+rviRxxpYY8NMnximrWG4v/ed1Mx+d+TkWaaSLw9KM4Y1AncFwJjKgkWLOhIQhLanaFuI8kwtoUVzEluLMnz5PWcc11au7tab V+WdRRBnvgABwBF5yBOrgBDdAEGDyCZ/AK3qwn68V6tz6m0ZJVzOyCP7A+fwALf5ei</latexit><latexit sha1_base64="jj4/TBO3qhJP/PqR8+Rivd97nPI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZlRQTdKQ RcuK9gHdMYhk8m0oUlmSDJCGbpx46+4caGIW//BnX9j2s5CWw8EDuecS+49Ycqo0o7zbZUWFpeWV8qrlbX1jc0te3unpZJMYtLECUtkJ0SKMCpIU1PNSCeVBPGQkXY4uBr77QciFU3EnR6mxOeoJ2hMMdJGCux9j5lwhILrC9e5P4Ee9DjSfclzw UeBXXVqzgRwnrgFqYICjcD+8qIEZ5wIjRlSqus6qfZzJDXFjIwqXqZIivAA9UjXUIE4UX4+uWIED40SwTiR5gkNJ+rviRxxpYY8NMnximrWG4v/ed1Mx+d+TkWaaSLw9KM4Y1AncFwJjKgkWLOhIQhLanaFuI8kwtoUVzEluLMnz5PWcc11au7tab V+WdRRBnvgABwBF5yBOrgBDdAEGDyCZ/AK3qwn68V6tz6m0ZJVzOyCP7A+fwALf5ei</latexit><latexit sha1_base64="jj4/TBO3qhJP/PqR8+Rivd97nPI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZlRQTdKQ RcuK9gHdMYhk8m0oUlmSDJCGbpx46+4caGIW//BnX9j2s5CWw8EDuecS+49Ycqo0o7zbZUWFpeWV8qrlbX1jc0te3unpZJMYtLECUtkJ0SKMCpIU1PNSCeVBPGQkXY4uBr77QciFU3EnR6mxOeoJ2hMMdJGCux9j5lwhILrC9e5P4Ee9DjSfclzw UeBXXVqzgRwnrgFqYICjcD+8qIEZ5wIjRlSqus6qfZzJDXFjIwqXqZIivAA9UjXUIE4UX4+uWIED40SwTiR5gkNJ+rviRxxpYY8NMnximrWG4v/ed1Mx+d+TkWaaSLw9KM4Y1AncFwJjKgkWLOhIQhLanaFuI8kwtoUVzEluLMnz5PWcc11au7tab V+WdRRBnvgABwBF5yBOrgBDdAEGDyCZ/AK3qwn68V6tz6m0ZJVzOyCP7A+fwALf5ei</latexit>
 D = 10
2 nm
<latexit sha1_base64="WCF+lUw5p82pT8pDqvtW6nYLBlc=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkpgm6Ug i5cVrAP6IxDJpO2oUlmSDJCGbpx46+4caGIW//BnX9jpp2Fth4IHM45l9x7woRRpR3n2yotLa+srpXXKxubW9s79u5eW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdJX7nQciFY3FnR4nxOdoIGifYqSNFNiHHjPhCAXXF65zX4ce9DjSQ8kzw SeBXXVqzhRwkbgFqYICzcD+8qIYp5wIjRlSquc6ifYzJDXFjEwqXqpIgvAIDUjPUIE4UX42vWICj40SwX4szRMaTtXfExniSo15aJL5imrey8X/vF6q++d+RkWSaiLw7KN+yqCOYV4JjKgkWLOxIQhLanaFeIgkwtoUVzEluPMnL5J2veY6Nff2tN q4LOoogwNwBE6AC85AA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifPwntl6E=</latexit><latexit sha1_base64="WCF+lUw5p82pT8pDqvtW6nYLBlc=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkpgm6Ug i5cVrAP6IxDJpO2oUlmSDJCGbpx46+4caGIW//BnX9jpp2Fth4IHM45l9x7woRRpR3n2yotLa+srpXXKxubW9s79u5eW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdJX7nQciFY3FnR4nxOdoIGifYqSNFNiHHjPhCAXXF65zX4ce9DjSQ8kzw SeBXXVqzhRwkbgFqYICzcD+8qIYp5wIjRlSquc6ifYzJDXFjEwqXqpIgvAIDUjPUIE4UX42vWICj40SwX4szRMaTtXfExniSo15aJL5imrey8X/vF6q++d+RkWSaiLw7KN+yqCOYV4JjKgkWLOxIQhLanaFeIgkwtoUVzEluPMnL5J2veY6Nff2tN q4LOoogwNwBE6AC85AA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifPwntl6E=</latexit><latexit sha1_base64="WCF+lUw5p82pT8pDqvtW6nYLBlc=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkpgm6Ug i5cVrAP6IxDJpO2oUlmSDJCGbpx46+4caGIW//BnX9jpp2Fth4IHM45l9x7woRRpR3n2yotLa+srpXXKxubW9s79u5eW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdJX7nQciFY3FnR4nxOdoIGifYqSNFNiHHjPhCAXXF65zX4ce9DjSQ8kzw SeBXXVqzhRwkbgFqYICzcD+8qIYp5wIjRlSquc6ifYzJDXFjEwqXqpIgvAIDUjPUIE4UX42vWICj40SwX4szRMaTtXfExniSo15aJL5imrey8X/vF6q++d+RkWSaiLw7KN+yqCOYV4JjKgkWLOxIQhLanaFeIgkwtoUVzEluPMnL5J2veY6Nff2tN q4LOoogwNwBE6AC85AA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifPwntl6E=</latexit><latexit sha1_base64="WCF+lUw5p82pT8pDqvtW6nYLBlc=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkpgm6Ug i5cVrAP6IxDJpO2oUlmSDJCGbpx46+4caGIW//BnX9jpp2Fth4IHM45l9x7woRRpR3n2yotLa+srpXXKxubW9s79u5eW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdJX7nQciFY3FnR4nxOdoIGifYqSNFNiHHjPhCAXXF65zX4ce9DjSQ8kzw SeBXXVqzhRwkbgFqYICzcD+8qIYp5wIjRlSquc6ifYzJDXFjEwqXqpIgvAIDUjPUIE4UX42vWICj40SwX4szRMaTtXfExniSo15aJL5imrey8X/vF6q++d+RkWSaiLw7KN+yqCOYV4JjKgkWLOxIQhLanaFeIgkwtoUVzEluPMnL5J2veY6Nff2tN q4LOoogwNwBE6AC85AA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifPwntl6E=</latexit>
(a)
<latexit sha1_base64="5i 2hcZRAIXjpdQd3TB86xObJkl8=">AAAB6nicbVA9SwNBEJ 2LXzF+RS1tFoMQm3CXJpYBG8uI5gOSI+xt5pIle3vH7p4Q jvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe /s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU 0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlhyq9HpYrbs 1dgmwSLycVyNEalr8Go5ilEUrDBNW677mJ8TOqDGcC56VB qjGhbErH2LdU0gi1ny1PnZMrq4xIGCtb0pCl+nsio5HWsy iwnRE1E73uLcT/vH5qwhs/4zJJDUq2WhSmgpiYLP4mI66Q GTGzhDLF7a2ETaiizNh0SjYEb/3lTdKp1zy35t3XK81mHkc RLuASquBBA5pwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD 5zPH4dxjUY=</latexit><latexit sha1_base64="5i 2hcZRAIXjpdQd3TB86xObJkl8=">AAAB6nicbVA9SwNBEJ 2LXzF+RS1tFoMQm3CXJpYBG8uI5gOSI+xt5pIle3vH7p4Q jvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe /s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU 0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlhyq9HpYrbs 1dgmwSLycVyNEalr8Go5ilEUrDBNW677mJ8TOqDGcC56VB qjGhbErH2LdU0gi1ny1PnZMrq4xIGCtb0pCl+nsio5HWsy iwnRE1E73uLcT/vH5qwhs/4zJJDUq2WhSmgpiYLP4mI66Q GTGzhDLF7a2ETaiizNh0SjYEb/3lTdKp1zy35t3XK81mHkc RLuASquBBA5pwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD 5zPH4dxjUY=</latexit><latexit sha1_base64="5i 2hcZRAIXjpdQd3TB86xObJkl8=">AAAB6nicbVA9SwNBEJ 2LXzF+RS1tFoMQm3CXJpYBG8uI5gOSI+xt5pIle3vH7p4Q jvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe /s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU 0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlhyq9HpYrbs 1dgmwSLycVyNEalr8Go5ilEUrDBNW677mJ8TOqDGcC56VB qjGhbErH2LdU0gi1ny1PnZMrq4xIGCtb0pCl+nsio5HWsy iwnRE1E73uLcT/vH5qwhs/4zJJDUq2WhSmgpiYLP4mI66Q GTGzhDLF7a2ETaiizNh0SjYEb/3lTdKp1zy35t3XK81mHkc RLuASquBBA5pwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD 5zPH4dxjUY=</latexit><latexit sha1_base64="5i 2hcZRAIXjpdQd3TB86xObJkl8=">AAAB6nicbVA9SwNBEJ 2LXzF+RS1tFoMQm3CXJpYBG8uI5gOSI+xt5pIle3vH7p4Q jvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe /s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU 0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlhyq9HpYrbs 1dgmwSLycVyNEalr8Go5ilEUrDBNW677mJ8TOqDGcC56VB qjGhbErH2LdU0gi1ny1PnZMrq4xIGCtb0pCl+nsio5HWsy iwnRE1E73uLcT/vH5qwhs/4zJJDUq2WhSmgpiYLP4mI66Q GTGzhDLF7a2ETaiizNh0SjYEb/3lTdKp1zy35t3XK81mHkc RLuASquBBA5pwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD 5zPH4dxjUY=</latexit>
(b)
<latexit sha1_base64="VuqIF9p2FeME6/q8cyOgj1Vt61o=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXJpYBG 8uI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvV343SeujYjVI84S7kd0rEQoGEUrPVSD62G54tbcJcgm8XJSgRytYflrMIpZG nGFTFJj+p6boJ9RjYJJPi8NUsMTyqZ0zPuWKhpx42fLU+fkyiojEsbalkKyVH9PZDQyZhYFtjOiODHr3kL8z+unGN74mVBJilyx1aIwlQRjsvibjITmDOXMEsq0sLcSNqGaMrTplGwI3vrLm6RTr3luzbuvV5rNPI4iXMAlVMGDBjThDlrQBgZjeI ZXeHOk8+K8Ox+r1oKTz5zDHzifP4j2jUc=</latexit><latexit sha1_base64="VuqIF9p2FeME6/q8cyOgj1Vt61o=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXJpYBG 8uI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvV343SeujYjVI84S7kd0rEQoGEUrPVSD62G54tbcJcgm8XJSgRytYflrMIpZG nGFTFJj+p6boJ9RjYJJPi8NUsMTyqZ0zPuWKhpx42fLU+fkyiojEsbalkKyVH9PZDQyZhYFtjOiODHr3kL8z+unGN74mVBJilyx1aIwlQRjsvibjITmDOXMEsq0sLcSNqGaMrTplGwI3vrLm6RTr3luzbuvV5rNPI4iXMAlVMGDBjThDlrQBgZjeI ZXeHOk8+K8Ox+r1oKTz5zDHzifP4j2jUc=</latexit><latexit sha1_base64="VuqIF9p2FeME6/q8cyOgj1Vt61o=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXJpYBG 8uI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvV343SeujYjVI84S7kd0rEQoGEUrPVSD62G54tbcJcgm8XJSgRytYflrMIpZG nGFTFJj+p6boJ9RjYJJPi8NUsMTyqZ0zPuWKhpx42fLU+fkyiojEsbalkKyVH9PZDQyZhYFtjOiODHr3kL8z+unGN74mVBJilyx1aIwlQRjsvibjITmDOXMEsq0sLcSNqGaMrTplGwI3vrLm6RTr3luzbuvV5rNPI4iXMAlVMGDBjThDlrQBgZjeI ZXeHOk8+K8Ox+r1oKTz5zDHzifP4j2jUc=</latexit><latexit sha1_base64="VuqIF9p2FeME6/q8cyOgj1Vt61o=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXJpYBG 8uI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvV343SeujYjVI84S7kd0rEQoGEUrPVSD62G54tbcJcgm8XJSgRytYflrMIpZG nGFTFJj+p6boJ9RjYJJPi8NUsMTyqZ0zPuWKhpx42fLU+fkyiojEsbalkKyVH9PZDQyZhYFtjOiODHr3kL8z+unGN74mVBJilyx1aIwlQRjsvibjITmDOXMEsq0sLcSNqGaMrTplGwI3vrLm6RTr3luzbuvV5rNPI4iXMAlVMGDBjThDlrQBgZjeI ZXeHOk8+K8Ox+r1oKTz5zDHzifP4j2jUc=</latexit>
(c)
<latexit sha1_base64="FZ eToKtHLxCy2leJT/F0ITqS+B8=">AAAB6nicbVA9SwNBEJ 2LXzF+RS1tFoMQm3CXJpYBG8uI5gOSI+xt5pIle3vH7p4Q jvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe /s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU 0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlhyq7HpYrbs 1dgmwSLycVyNEalr8Go5ilEUrDBNW677mJ8TOqDGcC56VB qjGhbErH2LdU0gi1ny1PnZMrq4xIGCtb0pCl+nsio5HWsy iwnRE1E73uLcT/vH5qwhs/4zJJDUq2WhSmgpiYLP4mI66Q GTGzhDLF7a2ETaiizNh0SjYEb/3lTdKp1zy35t3XK81mHkc RLuASquBBA5pwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD 5zPH4p7jUg=</latexit><latexit sha1_base64="FZ eToKtHLxCy2leJT/F0ITqS+B8=">AAAB6nicbVA9SwNBEJ 2LXzF+RS1tFoMQm3CXJpYBG8uI5gOSI+xt5pIle3vH7p4Q jvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe /s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU 0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlhyq7HpYrbs 1dgmwSLycVyNEalr8Go5ilEUrDBNW677mJ8TOqDGcC56VB qjGhbErH2LdU0gi1ny1PnZMrq4xIGCtb0pCl+nsio5HWsy iwnRE1E73uLcT/vH5qwhs/4zJJDUq2WhSmgpiYLP4mI66Q GTGzhDLF7a2ETaiizNh0SjYEb/3lTdKp1zy35t3XK81mHkc RLuASquBBA5pwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD 5zPH4p7jUg=</latexit><latexit sha1_base64="FZ eToKtHLxCy2leJT/F0ITqS+B8=">AAAB6nicbVA9SwNBEJ 2LXzF+RS1tFoMQm3CXJpYBG8uI5gOSI+xt5pIle3vH7p4Q jvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe /s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU 0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlhyq7HpYrbs 1dgmwSLycVyNEalr8Go5ilEUrDBNW677mJ8TOqDGcC56VB qjGhbErH2LdU0gi1ny1PnZMrq4xIGCtb0pCl+nsio5HWsy iwnRE1E73uLcT/vH5qwhs/4zJJDUq2WhSmgpiYLP4mI66Q GTGzhDLF7a2ETaiizNh0SjYEb/3lTdKp1zy35t3XK81mHkc RLuASquBBA5pwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD 5zPH4p7jUg=</latexit><latexit sha1_base64="FZ eToKtHLxCy2leJT/F0ITqS+B8=">AAAB6nicbVA9SwNBEJ 2LXzF+RS1tFoMQm3CXJpYBG8uI5gOSI+xt5pIle3vH7p4Q jvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe /s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU 0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlhyq7HpYrbs 1dgmwSLycVyNEalr8Go5ilEUrDBNW677mJ8TOqDGcC56VB qjGhbErH2LdU0gi1ny1PnZMrq4xIGCtb0pCl+nsio5HWsy iwnRE1E73uLcT/vH5qwhs/4zJJDUq2WhSmgpiYLP4mI66Q GTGzhDLF7a2ETaiizNh0SjYEb/3lTdKp1zy35t3XK81mHkc RLuASquBBA5pwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD 5zPH4p7jUg=</latexit>
(d)
<latexit sha1_base64="o/Np7m4FJX+DeyXbYwWK4VTvQ r4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkrSix4LXjxWtK3QhrLZTNqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0 w8Hhvhpl5QSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZYthhiUjUY0A1Ci6xY7gR+JgqpHEgsBdMbuZ+7wmV5ol8MNM U/ZiOJI84o8ZK9/XwclituQ13AbJOvILUoEB7WP0ahAnLYpSGCap133NT4+dUGc4EziqDTGNK2YSOsG+ppDFqP1+cOiM XVglJlChb0pCF+nsip7HW0ziwnTE1Y73qzcX/vH5moms/5zLNDEq2XBRlgpiEzP8mIVfIjJhaQpni9lbCxlRRZmw6FRuC t/ryOuk2G57b8O6atVariKMMZ3AOdfDgClpwC23oAIMRPMMrvDnCeXHenY9la8kpZk7hD5zPH4wAjUk=</latexit><latexit sha1_base64="o/Np7m4FJX+DeyXbYwWK4VTvQ r4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkrSix4LXjxWtK3QhrLZTNqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0 w8Hhvhpl5QSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZYthhiUjUY0A1Ci6xY7gR+JgqpHEgsBdMbuZ+7wmV5ol8MNM U/ZiOJI84o8ZK9/XwclituQ13AbJOvILUoEB7WP0ahAnLYpSGCap133NT4+dUGc4EziqDTGNK2YSOsG+ppDFqP1+cOiM XVglJlChb0pCF+nsip7HW0ziwnTE1Y73qzcX/vH5moms/5zLNDEq2XBRlgpiEzP8mIVfIjJhaQpni9lbCxlRRZmw6FRuC t/ryOuk2G57b8O6atVariKMMZ3AOdfDgClpwC23oAIMRPMMrvDnCeXHenY9la8kpZk7hD5zPH4wAjUk=</latexit><latexit sha1_base64="o/Np7m4FJX+DeyXbYwWK4VTvQ r4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkrSix4LXjxWtK3QhrLZTNqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0 w8Hhvhpl5QSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZYthhiUjUY0A1Ci6xY7gR+JgqpHEgsBdMbuZ+7wmV5ol8MNM U/ZiOJI84o8ZK9/XwclituQ13AbJOvILUoEB7WP0ahAnLYpSGCap133NT4+dUGc4EziqDTGNK2YSOsG+ppDFqP1+cOiM XVglJlChb0pCF+nsip7HW0ziwnTE1Y73qzcX/vH5moms/5zLNDEq2XBRlgpiEzP8mIVfIjJhaQpni9lbCxlRRZmw6FRuC t/ryOuk2G57b8O6atVariKMMZ3AOdfDgClpwC23oAIMRPMMrvDnCeXHenY9la8kpZk7hD5zPH4wAjUk=</latexit><latexit sha1_base64="o/Np7m4FJX+DeyXbYwWK4VTvQ r4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkrSix4LXjxWtK3QhrLZTNqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0 w8Hhvhpl5QSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZYthhiUjUY0A1Ci6xY7gR+JgqpHEgsBdMbuZ+7wmV5ol8MNM U/ZiOJI84o8ZK9/XwclituQ13AbJOvILUoEB7WP0ahAnLYpSGCap133NT4+dUGc4EziqDTGNK2YSOsG+ppDFqP1+cOiM XVglJlChb0pCF+nsip7HW0ziwnTE1Y73qzcX/vH5moms/5zLNDEq2XBRlgpiEzP8mIVfIjJhaQpni9lbCxlRRZmw6FRuC t/ryOuk2G57b8O6atVariKMMZ3AOdfDgClpwC23oAIMRPMMrvDnCeXHenY9la8kpZk7hD5zPH4wAjUk=</latexit>
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Figure 6. Flexoelectricity-driven control of nematic surface ordering for uncharged surfaces for system size L = 10 µm and
surface extrapolation length ξs = 750 nm. (a) The nematic director surface angle θ(z = 0) as function of isotropic screening
length λD (or equivalently reservoir salt concentration ρs) for different flexoelectric coefficients qee and (b) the resulting
flexoelectric bound surface charge charge densities σf . The dashed lines are the values of θ(0) and σf , respectively, when a
linear profile (which is achieved when e = 0) is assumed. For the highest value qee = 5 pC m
−1, we show in (c)-(f) the net ion
charge density ρe(z) and the flexoelectric polarisation charge density ρf (z) profiles and their sum, for selected values of λD.
The grey dotted line is ρf (z) when the director profile would be linear.
top plate has no surface flexoelectric polarisation due to
the strong homeotropic boundary conditions. The cost
of having a flexoelectric polarisation charge density close
to the top and bottom plate is compensated by the fact
that in the middle of the cell ρf (z) is reduced compared
to the unperturbed state. The region where it is reduced
is larger than the region where ρf (z) is enhanced. Re-
ducing ρf (z) in the middle of the cell at the expense of
increasing it close to the plates cannot happen indefi-
nitely because this would also cost more elastic energy.
When salt is added we see that a diffuse screening
cloud is formed with charge density ρe(z) as given by
Eq. (14), see the dashed lines in Fig. 6(d), that is pos-
itively charged close to the bottom plate and switches
sign rougly in the other half of the nematic cell. This
diffuse ion cloud effectively screens the flexoelectric po-
larisation charge (blue dotted line), and is doing this the
most effectively near the bottom and the top plate (com-
pare blue full line with dotted blue line). This causes σf
to reduce (becoming less negative), and this ultimately
also enhances ρf (z) in the middle of the plate, while ρf (z)
close to the plate reduces until ρf (z) becomes close to the
unperturbed state (compare dotted blue with dotted grey
in Fig. 6(e)). The bulk ρf (z) is then almost effectively
screened, until it is completely screened as we can see in
the full blue line in Fig. 6(f)). However, there is not
enough salt to completely screen the surface, as is seen
from ρf (z) + ρe(z) > 0 close to the bottom plate. This
allows σf to become more negative again upon adding
salt (decreasing λD).
When there is a free surface charge σ 6= 0 the symmetry
e→ −e is lost, and we have to consider e < 0 and e > 0
separately. In Fig. 7(a) we show the effects of ions on
θ(0) in a nematic liquid crystal with negative flexoelec-
tric coefficient. We observe that more negative e reduces
the high-screening asymptote and reduces the tunability
range of the surface angle. However, the profile of the
most negative e shows the most interesting characteris-
tics for θ(0), revealing three plateaus as function of λD.
For all values of λD the value of ρf (z) is similar to the
unperturbed state (Fig. 7(c)-(f)) compared to the case
where σ = 0 where this only occurs for sufficiently high
ρs (Figs. 6(e)-(f)). At high λD there is not enough salt
available to screen ρf (z), so the available salt screens the
free surface charge on the bottom plate while only par-
tially screening ρf (z) in the bulk, see Fig. 7(c), compare
full blue line with dotted blue line. Upon lowering λD,
the ions are able to screen ρf (z) in the bulk. When this
occurs, increasing ρs only leads to more screening of σ
which lowers the surface angle, but because of the nega-
tive value of σf , the value of the low-screening asymptote
is lower than that of the case where e = 0.
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 1
<latexit sha1_base64="Qv2Uvfm/aR19Tf1WLha Sx21Esbs=">AAACNHicbVDLSgMxFM3UV62vqks3waK4scz4QDeFQl0IbhSsCp06ZNJbG5pkxiQjlGE+yo 0f4kYEF4q49RvM1C7q40Dg5Jx7ufeeMOZMG9d9dgoTk1PTM8XZ0tz8wuJSeXnlQkeJotCkEY/UVUg0cCa haZjhcBUrICLkcBn2G7l/eQdKs0iem0EMbUFuJOsySoyVgvKJz21xhwRHmzXPvd7FPvYFMT0lUiky7Pul 2wBgs+ZWD/bHvLiRjf1Edp1ue1lQrrhVdwj8l3gjUkEjnAblR78T0USANJQTrVueG5t2SpRhlENW8hMNM aF9cgMtSyURoNvp8OgMb1ilg7uRsk8aPFTHO1IitB6I0Fbma+rfXi7+57US0z1sp0zGiQFJvwd1E45NhP MEcYcpoIYPLCFUMbsrpj2iCDU255INwft98l9ysVP13Kp3tlepH47iKKI1tI62kIcOUB0do1PURBTdoyf 0it6cB+fFeXc+vksLzqhnFf2A8/kFmZqpBw==</latexit><latexit sha1_base64="Qv2Uvfm/aR19Tf1WLha Sx21Esbs=">AAACNHicbVDLSgMxFM3UV62vqks3waK4scz4QDeFQl0IbhSsCp06ZNJbG5pkxiQjlGE+yo 0f4kYEF4q49RvM1C7q40Dg5Jx7ufeeMOZMG9d9dgoTk1PTM8XZ0tz8wuJSeXnlQkeJotCkEY/UVUg0cCa haZjhcBUrICLkcBn2G7l/eQdKs0iem0EMbUFuJOsySoyVgvKJz21xhwRHmzXPvd7FPvYFMT0lUiky7Pul 2wBgs+ZWD/bHvLiRjf1Edp1ue1lQrrhVdwj8l3gjUkEjnAblR78T0USANJQTrVueG5t2SpRhlENW8hMNM aF9cgMtSyURoNvp8OgMb1ilg7uRsk8aPFTHO1IitB6I0Fbma+rfXi7+57US0z1sp0zGiQFJvwd1E45NhP MEcYcpoIYPLCFUMbsrpj2iCDU255INwft98l9ysVP13Kp3tlepH47iKKI1tI62kIcOUB0do1PURBTdoyf 0it6cB+fFeXc+vksLzqhnFf2A8/kFmZqpBw==</latexit><latexit sha1_base64="Qv2Uvfm/aR19Tf1WLha Sx21Esbs=">AAACNHicbVDLSgMxFM3UV62vqks3waK4scz4QDeFQl0IbhSsCp06ZNJbG5pkxiQjlGE+yo 0f4kYEF4q49RvM1C7q40Dg5Jx7ufeeMOZMG9d9dgoTk1PTM8XZ0tz8wuJSeXnlQkeJotCkEY/UVUg0cCa haZjhcBUrICLkcBn2G7l/eQdKs0iem0EMbUFuJOsySoyVgvKJz21xhwRHmzXPvd7FPvYFMT0lUiky7Pul 2wBgs+ZWD/bHvLiRjf1Edp1ue1lQrrhVdwj8l3gjUkEjnAblR78T0USANJQTrVueG5t2SpRhlENW8hMNM aF9cgMtSyURoNvp8OgMb1ilg7uRsk8aPFTHO1IitB6I0Fbma+rfXi7+57US0z1sp0zGiQFJvwd1E45NhP MEcYcpoIYPLCFUMbsrpj2iCDU255INwft98l9ysVP13Kp3tlepH47iKKI1tI62kIcOUB0do1PURBTdoyf 0it6cB+fFeXc+vksLzqhnFf2A8/kFmZqpBw==</latexit><latexit sha1_base64="Qv2Uvfm/aR19Tf1WLha Sx21Esbs=">AAACNHicbVDLSgMxFM3UV62vqks3waK4scz4QDeFQl0IbhSsCp06ZNJbG5pkxiQjlGE+yo 0f4kYEF4q49RvM1C7q40Dg5Jx7ufeeMOZMG9d9dgoTk1PTM8XZ0tz8wuJSeXnlQkeJotCkEY/UVUg0cCa haZjhcBUrICLkcBn2G7l/eQdKs0iem0EMbUFuJOsySoyVgvKJz21xhwRHmzXPvd7FPvYFMT0lUiky7Pul 2wBgs+ZWD/bHvLiRjf1Edp1ue1lQrrhVdwj8l3gjUkEjnAblR78T0USANJQTrVueG5t2SpRhlENW8hMNM aF9cgMtSyURoNvp8OgMb1ilg7uRsk8aPFTHO1IitB6I0Fbma+rfXi7+57US0z1sp0zGiQFJvwd1E45NhP MEcYcpoIYPLCFUMbsrpj2iCDU255INwft98l9ysVP13Kp3tlepH47iKKI1tI62kIcOUB0do1PURBTdoyf 0it6cB+fFeXc+vksLzqhnFf2A8/kFmZqpBw==</latexit>
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<latexit sha1_base64="aL7jvDLPA/xdUTb7/Sr5+17xPzM=">AAACNHicbVBNSwMxEM36WetX1aOXYF G8WHZF0UuhUA+ClwpWC926ZNOpBpPsmmSFsuyP8uIP8SKCB0W8+htM2z3U6oPAy3szzMwLY860cd1XZ2p6ZnZuvrBQXFxaXlktra1f6ihRFJo04pFqhUQDZxKahhkOrVgBESGHq/CuPvCvHkBpFskL04+hI8iNZD1G ibFSUDrzuS3ukuBkp+q51/vYx74g5laJVIoM+37xPgDYqbqVo8MxL65nYz+RXad7XhaUym7FHQL/JV5OyihHIyg9+92IJgKkoZxo3fbc2HRSogyjHLKin2iICb0jN9C2VBIBupMOj87wtlW6uBcp+6TBQ3W8IyVC67 4IbeVgTT3pDcT/vHZiesedlMk4MSDpaFAv4dhEeJAg7jIF1PC+JYQqZnfF9JYoQo3NuWhD8CZP/ksu9yueW/HOD8q14zyOAtpEW2gXeegI1dApaqAmougRvaB39OE8OW/Op/M1Kp1y8p4N9AvO9w+X2qkG</latexi t><latexit sha1_base64="aL7jvDLPA/xdUTb7/Sr5+17xPzM=">AAACNHicbVBNSwMxEM36WetX1aOXYF G8WHZF0UuhUA+ClwpWC926ZNOpBpPsmmSFsuyP8uIP8SKCB0W8+htM2z3U6oPAy3szzMwLY860cd1XZ2p6ZnZuvrBQXFxaXlktra1f6ihRFJo04pFqhUQDZxKahhkOrVgBESGHq/CuPvCvHkBpFskL04+hI8iNZD1G ibFSUDrzuS3ukuBkp+q51/vYx74g5laJVIoM+37xPgDYqbqVo8MxL65nYz+RXad7XhaUym7FHQL/JV5OyihHIyg9+92IJgKkoZxo3fbc2HRSogyjHLKin2iICb0jN9C2VBIBupMOj87wtlW6uBcp+6TBQ3W8IyVC67 4IbeVgTT3pDcT/vHZiesedlMk4MSDpaFAv4dhEeJAg7jIF1PC+JYQqZnfF9JYoQo3NuWhD8CZP/ksu9yueW/HOD8q14zyOAtpEW2gXeegI1dApaqAmougRvaB39OE8OW/Op/M1Kp1y8p4N9AvO9w+X2qkG</latexi t><latexit sha1_base64="aL7jvDLPA/xdUTb7/Sr5+17xPzM=">AAACNHicbVBNSwMxEM36WetX1aOXYF G8WHZF0UuhUA+ClwpWC926ZNOpBpPsmmSFsuyP8uIP8SKCB0W8+htM2z3U6oPAy3szzMwLY860cd1XZ2p6ZnZuvrBQXFxaXlktra1f6ihRFJo04pFqhUQDZxKahhkOrVgBESGHq/CuPvCvHkBpFskL04+hI8iNZD1G ibFSUDrzuS3ukuBkp+q51/vYx74g5laJVIoM+37xPgDYqbqVo8MxL65nYz+RXad7XhaUym7FHQL/JV5OyihHIyg9+92IJgKkoZxo3fbc2HRSogyjHLKin2iICb0jN9C2VBIBupMOj87wtlW6uBcp+6TBQ3W8IyVC67 4IbeVgTT3pDcT/vHZiesedlMk4MSDpaFAv4dhEeJAg7jIF1PC+JYQqZnfF9JYoQo3NuWhD8CZP/ksu9yueW/HOD8q14zyOAtpEW2gXeegI1dApaqAmougRvaB39OE8OW/Op/M1Kp1y8p4N9AvO9w+X2qkG</latexi t><latexit sha1_base64="aL7jvDLPA/xdUTb7/Sr5+17xPzM=">AAACNHicbVBNSwMxEM36WetX1aOXYF G8WHZF0UuhUA+ClwpWC926ZNOpBpPsmmSFsuyP8uIP8SKCB0W8+htM2z3U6oPAy3szzMwLY860cd1XZ2p6ZnZuvrBQXFxaXlktra1f6ihRFJo04pFqhUQDZxKahhkOrVgBESGHq/CuPvCvHkBpFskL04+hI8iNZD1G ibFSUDrzuS3ukuBkp+q51/vYx74g5laJVIoM+37xPgDYqbqVo8MxL65nYz+RXad7XhaUym7FHQL/JV5OyihHIyg9+92IJgKkoZxo3fbc2HRSogyjHLKin2iICb0jN9C2VBIBupMOj87wtlW6uBcp+6TBQ3W8IyVC67 4IbeVgTT3pDcT/vHZiesedlMk4MSDpaFAv4dhEeJAg7jIF1PC+JYQqZnfF9JYoQo3NuWhD8CZP/ksu9yueW/HOD8q14zyOAtpEW2gXeegI1dApaqAmougRvaB39OE8OW/Op/M1Kp1y8p4N9AvO9w+X2qkG</latexi t>
 D = 10
1 nm
qee = 0.75 pC m
 1
<latexit sha1_base64="wqA4j1Crh4cd5lshTFt47chiwHo=">AAACNHicbVDLSgMxFM34rPVVdekmWB Q3lokouhEKdSG4qWBtoVOHTHqrwSQzJhmhDPNRbvwQNyK4UMSt32Bau6iPA4GTc+7l3nuiRHBjff/Zm5icmp6ZLcwV5xcWl5ZLK6sXJk41gwaLRaxbETUguIKG5VZAK9FAZSSgGd3UBn7zDrThsTq3/QQ6kl4p3uOM WieFpdNAuOIuDY+3joh/SXCAA0nttZaZkjkOguJtCLB15FcO9se8pJaP/WR+me2QPCyV/Yo/BP5LyIiU0Qj1sPQYdGOWSlCWCWpMm/iJ7WRUW84E5MUgNZBQdkOvoO2oohJMJxseneNNp3RxL9buKYuH6nhHRqUxfR m5ysGa5rc3EP/z2qntHXYyrpLUgmLfg3qpwDbGgwRxl2tgVvQdoUxztytm11RTZl3ORRcC+X3yX3KxWyF+hZztlauHozgKaB1toG1E0AGqohNURw3E0D16Qq/ozXvwXrx37+O7dMIb9ayhH/A+vwCWGqkF</latexi t><latexit sha1_base64="wqA4j1Crh4cd5lshTFt47chiwHo=">AAACNHicbVDLSgMxFM34rPVVdekmWB Q3lokouhEKdSG4qWBtoVOHTHqrwSQzJhmhDPNRbvwQNyK4UMSt32Bau6iPA4GTc+7l3nuiRHBjff/Zm5icmp6ZLcwV5xcWl5ZLK6sXJk41gwaLRaxbETUguIKG5VZAK9FAZSSgGd3UBn7zDrThsTq3/QQ6kl4p3uOM WieFpdNAuOIuDY+3joh/SXCAA0nttZaZkjkOguJtCLB15FcO9se8pJaP/WR+me2QPCyV/Yo/BP5LyIiU0Qj1sPQYdGOWSlCWCWpMm/iJ7WRUW84E5MUgNZBQdkOvoO2oohJMJxseneNNp3RxL9buKYuH6nhHRqUxfR m5ysGa5rc3EP/z2qntHXYyrpLUgmLfg3qpwDbGgwRxl2tgVvQdoUxztytm11RTZl3ORRcC+X3yX3KxWyF+hZztlauHozgKaB1toG1E0AGqohNURw3E0D16Qq/ozXvwXrx37+O7dMIb9ayhH/A+vwCWGqkF</latexi t><latexit sha1_base64="wqA4j1Crh4cd5lshTFt47chiwHo=">AAACNHicbVDLSgMxFM34rPVVdekmWB Q3lokouhEKdSG4qWBtoVOHTHqrwSQzJhmhDPNRbvwQNyK4UMSt32Bau6iPA4GTc+7l3nuiRHBjff/Zm5icmp6ZLcwV5xcWl5ZLK6sXJk41gwaLRaxbETUguIKG5VZAK9FAZSSgGd3UBn7zDrThsTq3/QQ6kl4p3uOM WieFpdNAuOIuDY+3joh/SXCAA0nttZaZkjkOguJtCLB15FcO9se8pJaP/WR+me2QPCyV/Yo/BP5LyIiU0Qj1sPQYdGOWSlCWCWpMm/iJ7WRUW84E5MUgNZBQdkOvoO2oohJMJxseneNNp3RxL9buKYuH6nhHRqUxfR m5ysGa5rc3EP/z2qntHXYyrpLUgmLfg3qpwDbGgwRxl2tgVvQdoUxztytm11RTZl3ORRcC+X3yX3KxWyF+hZztlauHozgKaB1toG1E0AGqohNURw3E0D16Qq/ozXvwXrx37+O7dMIb9ayhH/A+vwCWGqkF</latexi t><latexit sha1_base64="wqA4j1Crh4cd5lshTFt47chiwHo=">AAACNHicbVDLSgMxFM34rPVVdekmWB Q3lokouhEKdSG4qWBtoVOHTHqrwSQzJhmhDPNRbvwQNyK4UMSt32Bau6iPA4GTc+7l3nuiRHBjff/Zm5icmp6ZLcwV5xcWl5ZLK6sXJk41gwaLRaxbETUguIKG5VZAK9FAZSSgGd3UBn7zDrThsTq3/QQ6kl4p3uOM WieFpdNAuOIuDY+3joh/SXCAA0nttZaZkjkOguJtCLB15FcO9se8pJaP/WR+me2QPCyV/Yo/BP5LyIiU0Qj1sPQYdGOWSlCWCWpMm/iJ7WRUW84E5MUgNZBQdkOvoO2oohJMJxseneNNp3RxL9buKYuH6nhHRqUxfR m5ysGa5rc3EP/z2qntHXYyrpLUgmLfg3qpwDbGgwRxl2tgVvQdoUxztytm11RTZl3ORRcC+X3yX3KxWyF+hZztlauHozgKaB1toG1E0AGqohNURw3E0D16Qq/ozXvwXrx37+O7dMIb9ayhH/A+vwCWGqkF</latexi t>
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1 nm
qee =  1 pC m 1
<latexit sha1_base64="8RaKkJEwyhlNKyRycJ6Dh8NplCU=">AAACMnicbVBNSwMxEM36WetX1aOXYF G8WDYi2EuhUA96U7AqdOuSTacaTLJrkhXKsr/Ji79E8KAHRbz6I0xrD7X1QeDlvRlm5kWJ4Mb6/qs3NT0zOzdfWCguLi2vrJbW1i9MnGoGTRaLWF9F1IDgCpqWWwFXiQYqIwGX0V2j718+gDY8Vue2l0Bb0hvFu5xR 66SwdBIIV9yh4dFOjfjXBAc4kNTeapkpmeMgKN6HADu1vVEnaeQjP5lfZ3skD0tlv+IPgCcJGZIyGuI0LD0HnZilEpRlghrTIn5i2xnVljMBeTFIDSSU3dEbaDmqqATTzgYn53jbKR3cjbV7yuKBOtqRUWlMT0ausr +mGff64n9eK7XdajvjKkktKPY7qJsKbGPczw93uAZmRc8RyjR3u2J2SzVl1qVcdCGQ8ZMnycV+hfgVcnZQrleHcRTQJtpCu4igQ1RHx+gUNRFDj+gFvaMP78l78z69r9/SKW/Ys4H+wPv+AX7xqIU=</latexit><latexit sha1_base64="8RaKkJEwyhlNKyRycJ6Dh8NplCU=">AAACMnicbVBNSwMxEM36WetX1aOXYF G8WDYi2EuhUA96U7AqdOuSTacaTLJrkhXKsr/Ji79E8KAHRbz6I0xrD7X1QeDlvRlm5kWJ4Mb6/qs3NT0zOzdfWCguLi2vrJbW1i9MnGoGTRaLWF9F1IDgCpqWWwFXiQYqIwGX0V2j718+gDY8Vue2l0Bb0hvFu5xR 66SwdBIIV9yh4dFOjfjXBAc4kNTeapkpmeMgKN6HADu1vVEnaeQjP5lfZ3skD0tlv+IPgCcJGZIyGuI0LD0HnZilEpRlghrTIn5i2xnVljMBeTFIDSSU3dEbaDmqqATTzgYn53jbKR3cjbV7yuKBOtqRUWlMT0ausr +mGff64n9eK7XdajvjKkktKPY7qJsKbGPczw93uAZmRc8RyjR3u2J2SzVl1qVcdCGQ8ZMnycV+hfgVcnZQrleHcRTQJtpCu4igQ1RHx+gUNRFDj+gFvaMP78l78z69r9/SKW/Ys4H+wPv+AX7xqIU=</latexit><latexit sha1_base64="8RaKkJEwyhlNKyRycJ6Dh8NplCU=">AAACMnicbVBNSwMxEM36WetX1aOXYF G8WDYi2EuhUA96U7AqdOuSTacaTLJrkhXKsr/Ji79E8KAHRbz6I0xrD7X1QeDlvRlm5kWJ4Mb6/qs3NT0zOzdfWCguLi2vrJbW1i9MnGoGTRaLWF9F1IDgCpqWWwFXiQYqIwGX0V2j718+gDY8Vue2l0Bb0hvFu5xR 66SwdBIIV9yh4dFOjfjXBAc4kNTeapkpmeMgKN6HADu1vVEnaeQjP5lfZ3skD0tlv+IPgCcJGZIyGuI0LD0HnZilEpRlghrTIn5i2xnVljMBeTFIDSSU3dEbaDmqqATTzgYn53jbKR3cjbV7yuKBOtqRUWlMT0ausr +mGff64n9eK7XdajvjKkktKPY7qJsKbGPczw93uAZmRc8RyjR3u2J2SzVl1qVcdCGQ8ZMnycV+hfgVcnZQrleHcRTQJtpCu4igQ1RHx+gUNRFDj+gFvaMP78l78z69r9/SKW/Ys4H+wPv+AX7xqIU=</latexit><latexit sha1_base64="8RaKkJEwyhlNKyRycJ6Dh8NplCU=">AAACMnicbVBNSwMxEM36WetX1aOXYF G8WDYi2EuhUA96U7AqdOuSTacaTLJrkhXKsr/Ji79E8KAHRbz6I0xrD7X1QeDlvRlm5kWJ4Mb6/qs3NT0zOzdfWCguLi2vrJbW1i9MnGoGTRaLWF9F1IDgCpqWWwFXiQYqIwGX0V2j718+gDY8Vue2l0Bb0hvFu5xR 66SwdBIIV9yh4dFOjfjXBAc4kNTeapkpmeMgKN6HADu1vVEnaeQjP5lfZ3skD0tlv+IPgCcJGZIyGuI0LD0HnZilEpRlghrTIn5i2xnVljMBeTFIDSSU3dEbaDmqqATTzgYn53jbKR3cjbV7yuKBOtqRUWlMT0ausr +mGff64n9eK7XdajvjKkktKPY7qJsKbGPczw93uAZmRc8RyjR3u2J2SzVl1qVcdCGQ8ZMnycV+hfgVcnZQrleHcRTQJtpCu4igQ1RHx+gUNRFDj+gFvaMP78l78z69r9/SKW/Ys4H+wPv+AX7xqIU=</latexit>
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<latexit sha1_base64="4ebpCzoZM6Xuw1Xu5qybUXEYHHg=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+ LGMimCbgRBF7pTsLXQqUMmvbWhSWZMMkIZ5pvc+CWCC10o4taPMH0sqvVA4OSce7n3nigR3Fjff/Wmpmdm5+YXFgtLyyura8X1jZqJU82gymIR63pEDQiuoGq5FVBPNFAZCbiJuqd9/+YBtOGxura9BJqS3ine5oxa J4XFi0C44hYNz3aPiX9bwQEOJLUdLTMlcxwEhfsQYPd4n4w5yWk+9pP5bbZP8rBY8sv+AHiSkBEpoREuw+Jz0IpZKkFZJqgxDeIntplRbTkTkBeC1EBCWZfeQcNRRSWYZjY4Occ7TmnhdqzdUxYP1PGOjEpjejJylf 01zV+vL/7nNVLbPmpmXCWpBcWGg9qpwDbG/fxwi2tgVvQcoUxztytmHaopsy7lgguB/D15ktQqZeKXydVB6eRoFMcC2kLbaA8RdIhO0Dm6RFXE0CN6Qe/ow3vy3rxP72tYOuWNejbRL3jfP4CvqIY=</latexit><latexit sha1_base64="4ebpCzoZM6Xuw1Xu5qybUXEYHHg=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+ LGMimCbgRBF7pTsLXQqUMmvbWhSWZMMkIZ5pvc+CWCC10o4taPMH0sqvVA4OSce7n3nigR3Fjff/Wmpmdm5+YXFgtLyyura8X1jZqJU82gymIR63pEDQiuoGq5FVBPNFAZCbiJuqd9/+YBtOGxura9BJqS3ine5oxa J4XFi0C44hYNz3aPiX9bwQEOJLUdLTMlcxwEhfsQYPd4n4w5yWk+9pP5bbZP8rBY8sv+AHiSkBEpoREuw+Jz0IpZKkFZJqgxDeIntplRbTkTkBeC1EBCWZfeQcNRRSWYZjY4Occ7TmnhdqzdUxYP1PGOjEpjejJylf 01zV+vL/7nNVLbPmpmXCWpBcWGg9qpwDbG/fxwi2tgVvQcoUxztytmHaopsy7lgguB/D15ktQqZeKXydVB6eRoFMcC2kLbaA8RdIhO0Dm6RFXE0CN6Qe/ow3vy3rxP72tYOuWNejbRL3jfP4CvqIY=</latexit><latexit sha1_base64="4ebpCzoZM6Xuw1Xu5qybUXEYHHg=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+ LGMimCbgRBF7pTsLXQqUMmvbWhSWZMMkIZ5pvc+CWCC10o4taPMH0sqvVA4OSce7n3nigR3Fjff/Wmpmdm5+YXFgtLyyura8X1jZqJU82gymIR63pEDQiuoGq5FVBPNFAZCbiJuqd9/+YBtOGxura9BJqS3ine5oxa J4XFi0C44hYNz3aPiX9bwQEOJLUdLTMlcxwEhfsQYPd4n4w5yWk+9pP5bbZP8rBY8sv+AHiSkBEpoREuw+Jz0IpZKkFZJqgxDeIntplRbTkTkBeC1EBCWZfeQcNRRSWYZjY4Occ7TmnhdqzdUxYP1PGOjEpjejJylf 01zV+vL/7nNVLbPmpmXCWpBcWGg9qpwDbG/fxwi2tgVvQcoUxztytmHaopsy7lgguB/D15ktQqZeKXydVB6eRoFMcC2kLbaA8RdIhO0Dm6RFXE0CN6Qe/ow3vy3rxP72tYOuWNejbRL3jfP4CvqIY=</latexit><latexit sha1_base64="4ebpCzoZM6Xuw1Xu5qybUXEYHHg=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+ LGMimCbgRBF7pTsLXQqUMmvbWhSWZMMkIZ5pvc+CWCC10o4taPMH0sqvVA4OSce7n3nigR3Fjff/Wmpmdm5+YXFgtLyyura8X1jZqJU82gymIR63pEDQiuoGq5FVBPNFAZCbiJuqd9/+YBtOGxura9BJqS3ine5oxa J4XFi0C44hYNz3aPiX9bwQEOJLUdLTMlcxwEhfsQYPd4n4w5yWk+9pP5bbZP8rBY8sv+AHiSkBEpoREuw+Jz0IpZKkFZJqgxDeIntplRbTkTkBeC1EBCWZfeQcNRRSWYZjY4Occ7TmnhdqzdUxYP1PGOjEpjejJylf 01zV+vL/7nNVLbPmpmXCWpBcWGg9qpwDbG/fxwi2tgVvQcoUxztytmHaopsy7lgguB/D15ktQqZeKXydVB6eRoFMcC2kLbaA8RdIhO0Dm6RFXE0CN6Qe/ow3vy3rxP72tYOuWNejbRL3jfP4CvqIY=</latexit>
 D = 10
3 nm
qee =  1 pC m 1
<latexit sha1_base64="mj+5KjXrAq10aWkYDgt 7FaVxccY=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+LGMlFBN4KgC91VsFro1CGT3rbBJDMmGaEM801u/B LBhS4UcetHmD4WtXogcHLOvdx7T5QIbqzvv3oTk1PTM7Nz84WFxaXlleLq2rWJU82gymIR61pEDQiuoGq 5FVBLNFAZCbiJ7k57/s0DaMNjdWW7CTQkbSve4oxaJ4XFi0C44iYNz7aPiX+7jwMcSGo7WmZK5jgICvch wPbxLhlxktN85Cfz22yX5GGx5Jf9PvBfQoakhIaohMXnoBmzVIKyTFBj6sRPbCOj2nImIC8EqYGEsjvah rqjikowjax/co63nNLErVi7pyzuq6MdGZXGdGXkKntrmnGvJ/7n1VPbOmpkXCWpBcUGg1qpwDbGvfxwk2 tgVnQdoUxztytmHaopsy7lgguBjJ/8l1zvlYlfJpcHpZOjYRxzaANtoh1E0CE6QeeogqqIoUf0gt7Rh/f kvXmf3tegdMIb9qyjX/C+fwCCbaiH</latexit><latexit sha1_base64="mj+5KjXrAq10aWkYDgt 7FaVxccY=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+LGMlFBN4KgC91VsFro1CGT3rbBJDMmGaEM801u/B LBhS4UcetHmD4WtXogcHLOvdx7T5QIbqzvv3oTk1PTM7Nz84WFxaXlleLq2rWJU82gymIR61pEDQiuoGq 5FVBLNFAZCbiJ7k57/s0DaMNjdWW7CTQkbSve4oxaJ4XFi0C44iYNz7aPiX+7jwMcSGo7WmZK5jgICvch wPbxLhlxktN85Cfz22yX5GGx5Jf9PvBfQoakhIaohMXnoBmzVIKyTFBj6sRPbCOj2nImIC8EqYGEsjvah rqjikowjax/co63nNLErVi7pyzuq6MdGZXGdGXkKntrmnGvJ/7n1VPbOmpkXCWpBcUGg1qpwDbGvfxwk2 tgVnQdoUxztytmHaopsy7lgguBjJ/8l1zvlYlfJpcHpZOjYRxzaANtoh1E0CE6QeeogqqIoUf0gt7Rh/f kvXmf3tegdMIb9qyjX/C+fwCCbaiH</latexit><latexit sha1_base64="mj+5KjXrAq10aWkYDgt 7FaVxccY=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+LGMlFBN4KgC91VsFro1CGT3rbBJDMmGaEM801u/B LBhS4UcetHmD4WtXogcHLOvdx7T5QIbqzvv3oTk1PTM7Nz84WFxaXlleLq2rWJU82gymIR61pEDQiuoGq 5FVBLNFAZCbiJ7k57/s0DaMNjdWW7CTQkbSve4oxaJ4XFi0C44iYNz7aPiX+7jwMcSGo7WmZK5jgICvch wPbxLhlxktN85Cfz22yX5GGx5Jf9PvBfQoakhIaohMXnoBmzVIKyTFBj6sRPbCOj2nImIC8EqYGEsjvah rqjikowjax/co63nNLErVi7pyzuq6MdGZXGdGXkKntrmnGvJ/7n1VPbOmpkXCWpBcUGg1qpwDbGvfxwk2 tgVnQdoUxztytmHaopsy7lgguBjJ/8l1zvlYlfJpcHpZOjYRxzaANtoh1E0CE6QeeogqqIoUf0gt7Rh/f kvXmf3tegdMIb9qyjX/C+fwCCbaiH</latexit><latexit sha1_base64="mj+5KjXrAq10aWkYDgt 7FaVxccY=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+LGMlFBN4KgC91VsFro1CGT3rbBJDMmGaEM801u/B LBhS4UcetHmD4WtXogcHLOvdx7T5QIbqzvv3oTk1PTM7Nz84WFxaXlleLq2rWJU82gymIR61pEDQiuoGq 5FVBLNFAZCbiJ7k57/s0DaMNjdWW7CTQkbSve4oxaJ4XFi0C44iYNz7aPiX+7jwMcSGo7WmZK5jgICvch wPbxLhlxktN85Cfz22yX5GGx5Jf9PvBfQoakhIaohMXnoBmzVIKyTFBj6sRPbCOj2nImIC8EqYGEsjvah rqjikowjax/co63nNLErVi7pyzuq6MdGZXGdGXkKntrmnGvJ/7n1VPbOmpkXCWpBcUGg1qpwDbGvfxwk2 tgVnQdoUxztytmHaopsy7lgguBjJ/8l1zvlYlfJpcHpZOjYRxzaANtoh1E0CE6QeeogqqIoUf0gt7Rh/f kvXmf3tegdMIb9qyjX/C+fwCCbaiH</latexit>
 D = 10
4 nm
qee =  1 pC m 1
<latexit sha1_base64="AgAzsZ70KdhL+3qisjS UU7FXYyc=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+LGMpGCbgRBF7pTsLXQqUMmvbWhSWZMMkIZ5pvc+C WCC10o4taPMH0sqvVA4OSce7n3nigR3Fjff/Wmpmdm5+YXFgtLyyura8X1jZqJU82gymIR63pEDQiuoGq 5FVBPNFAZCbiJuqd9/+YBtOGxura9BJqS3ine5oxaJ4XFi0C44hYNz3aPiX9bwQEOJLUdLTMlcxwEhfsQ YPd4n4w5yWk+9pP5bbZP8rBY8sv+AHiSkBEpoREuw+Jz0IpZKkFZJqgxDeIntplRbTkTkBeC1EBCWZfeQ cNRRSWYZjY4Occ7TmnhdqzdUxYP1PGOjEpjejJylf01zV+vL/7nNVLbPmpmXCWpBcWGg9qpwDbG/fxwi2 tgVvQcoUxztytmHaopsy7lgguB/D15ktQOysQvk6tK6eRoFMcC2kLbaA8RdIhO0Dm6RFXE0CN6Qe/ow3v y3rxP72tYOuWNejbRL3jfP4QrqIg=</latexit><latexit sha1_base64="AgAzsZ70KdhL+3qisjS UU7FXYyc=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+LGMpGCbgRBF7pTsLXQqUMmvbWhSWZMMkIZ5pvc+C WCC10o4taPMH0sqvVA4OSce7n3nigR3Fjff/Wmpmdm5+YXFgtLyyura8X1jZqJU82gymIR63pEDQiuoGq 5FVBPNFAZCbiJuqd9/+YBtOGxura9BJqS3ine5oxaJ4XFi0C44hYNz3aPiX9bwQEOJLUdLTMlcxwEhfsQ YPd4n4w5yWk+9pP5bbZP8rBY8sv+AHiSkBEpoREuw+Jz0IpZKkFZJqgxDeIntplRbTkTkBeC1EBCWZfeQ cNRRSWYZjY4Occ7TmnhdqzdUxYP1PGOjEpjejJylf01zV+vL/7nNVLbPmpmXCWpBcWGg9qpwDbG/fxwi2 tgVvQcoUxztytmHaopsy7lgguB/D15ktQOysQvk6tK6eRoFMcC2kLbaA8RdIhO0Dm6RFXE0CN6Qe/ow3v y3rxP72tYOuWNejbRL3jfP4QrqIg=</latexit><latexit sha1_base64="AgAzsZ70KdhL+3qisjS UU7FXYyc=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+LGMpGCbgRBF7pTsLXQqUMmvbWhSWZMMkIZ5pvc+C WCC10o4taPMH0sqvVA4OSce7n3nigR3Fjff/Wmpmdm5+YXFgtLyyura8X1jZqJU82gymIR63pEDQiuoGq 5FVBPNFAZCbiJuqd9/+YBtOGxura9BJqS3ine5oxaJ4XFi0C44hYNz3aPiX9bwQEOJLUdLTMlcxwEhfsQ YPd4n4w5yWk+9pP5bbZP8rBY8sv+AHiSkBEpoREuw+Jz0IpZKkFZJqgxDeIntplRbTkTkBeC1EBCWZfeQ cNRRSWYZjY4Occ7TmnhdqzdUxYP1PGOjEpjejJylf01zV+vL/7nNVLbPmpmXCWpBcWGg9qpwDbG/fxwi2 tgVvQcoUxztytmHaopsy7lgguB/D15ktQOysQvk6tK6eRoFMcC2kLbaA8RdIhO0Dm6RFXE0CN6Qe/ow3v y3rxP72tYOuWNejbRL3jfP4QrqIg=</latexit><latexit sha1_base64="AgAzsZ70KdhL+3qisjS UU7FXYyc=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+LGMpGCbgRBF7pTsLXQqUMmvbWhSWZMMkIZ5pvc+C WCC10o4taPMH0sqvVA4OSce7n3nigR3Fjff/Wmpmdm5+YXFgtLyyura8X1jZqJU82gymIR63pEDQiuoGq 5FVBPNFAZCbiJuqd9/+YBtOGxura9BJqS3ine5oxaJ4XFi0C44hYNz3aPiX9bwQEOJLUdLTMlcxwEhfsQ YPd4n4w5yWk+9pP5bbZP8rBY8sv+AHiSkBEpoREuw+Jz0IpZKkFZJqgxDeIntplRbTkTkBeC1EBCWZfeQ cNRRSWYZjY4Occ7TmnhdqzdUxYP1PGOjEpjejJylf01zV+vL/7nNVLbPmpmXCWpBcWGg9qpwDbG/fxwi2 tgVvQcoUxztytmHaopsy7lgguB/D15ktQOysQvk6tK6eRoFMcC2kLbaA8RdIhO0Dm6RFXE0CN6Qe/ow3v y3rxP72tYOuWNejbRL3jfP4QrqIg=</latexit>
(a)
<latexit sha1_base64= "3+H9B0mZdYdobG07jz7vl70TqPk=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVv HqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kOVXg7KFbfmLkDWiZeT CuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WY UDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI6 2kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMT OZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12 ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3h zhPPivDsfy9aCk8+cwh84nz+GPY1C</latexit><latexit sha1_base64= "3+H9B0mZdYdobG07jz7vl70TqPk=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVv HqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kOVXg7KFbfmLkDWiZeT CuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WY UDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI6 2kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMT OZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12 ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3h zhPPivDsfy9aCk8+cwh84nz+GPY1C</latexit><latexit sha1_base64= "3+H9B0mZdYdobG07jz7vl70TqPk=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVv HqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kOVXg7KFbfmLkDWiZeT CuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WY UDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI6 2kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMT OZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12 ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3h zhPPivDsfy9aCk8+cwh84nz+GPY1C</latexit><latexit sha1_base64= "3+H9B0mZdYdobG07jz7vl70TqPk=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVv HqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kOVXg7KFbfmLkDWiZeT CuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WY UDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI6 2kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMT OZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12 ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3h zhPPivDsfy9aCk8+cwh84nz+GPY1C</latexit>
(b)
<latexit sha1_base64="9wCN2pkulF5ybvyCx05lb8zZvkA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix 0kM1uByUK27NXYCsEy8nFcjRHJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tTp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJrP+MySQ1KtlwUpoKYmMz/JkOukBkxtYQyxe2thI 2poszYdEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmCOfFeXc+lq0FJ585hT9wPn8Ah8KNQw==</latexit><latexit sha1_base64="9wCN2pkulF5ybvyCx05lb8zZvkA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix 0kM1uByUK27NXYCsEy8nFcjRHJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tTp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJrP+MySQ1KtlwUpoKYmMz/JkOukBkxtYQyxe2thI 2poszYdEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmCOfFeXc+lq0FJ585hT9wPn8Ah8KNQw==</latexit><latexit sha1_base64="9wCN2pkulF5ybvyCx05lb8zZvkA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix 0kM1uByUK27NXYCsEy8nFcjRHJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tTp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJrP+MySQ1KtlwUpoKYmMz/JkOukBkxtYQyxe2thI 2poszYdEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmCOfFeXc+lq0FJ585hT9wPn8Ah8KNQw==</latexit><latexit sha1_base64="9wCN2pkulF5ybvyCx05lb8zZvkA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix 0kM1uByUK27NXYCsEy8nFcjRHJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tTp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJrP+MySQ1KtlwUpoKYmMz/JkOukBkxtYQyxe2thI 2poszYdEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmCOfFeXc+lq0FJ585hT9wPn8Ah8KNQw==</latexit>
(c)
<latexit sha1_base64= "T+QdguFHHAPcE+EtNGFdCw83JO0=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVv HqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kOVXQ7KFbfmLkDWiZeT CuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WY UDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI6 2kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMT OZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12 ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3h zhPPivDsfy9aCk8+cwh84nz+JR41E</latexit><latexit sha1_base64= "T+QdguFHHAPcE+EtNGFdCw83JO0=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVv HqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kOVXQ7KFbfmLkDWiZeT CuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WY UDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI6 2kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMT OZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12 ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3h zhPPivDsfy9aCk8+cwh84nz+JR41E</latexit><latexit sha1_base64= "T+QdguFHHAPcE+EtNGFdCw83JO0=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVv HqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kOVXQ7KFbfmLkDWiZeT CuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WY UDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI6 2kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMT OZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12 ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3h zhPPivDsfy9aCk8+cwh84nz+JR41E</latexit><latexit sha1_base64= "T+QdguFHHAPcE+EtNGFdCw83JO0=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVv HqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kOVXQ7KFbfmLkDWiZeT CuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WY UDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI6 2kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMT OZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12 ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3h zhPPivDsfy9aCk8+cwh84nz+JR41E</latexit>
(d)
<latexit sha1_base64="hK7nqd1qru8NCBBNots MqjB3FPo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH29vaSJXt7x+6cEEJ+go 2FIrb+Ijv/jZvkCk18MPB4b4aZeUEqhUHX/XYKG5tb2zvF3dLe/sHhUfn4pG2STDPeYolMdDeghkuheAs FSt5NNadxIHknGN/O/c4T10Yk6hEnKfdjOlQiEoyilR6q4eWgXHFr7gJknXg5qUCO5qD81Q8TlsVcIZPU mJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxWNufGni1Nn5MIqIYkSbUshWai/J6Y0NmYSB7Yzpjgyq95c/M/rZ Rhd+1Oh0gy5YstFUSYJJmT+NwmF5gzlxBLKtLC3EjaimjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6 iCB1fQgDtoQgsYDOEZXuHNkc6L8+58LFsLTj5zCn/gfP4AisyNRQ==</latexit><latexit sha1_base64="hK7nqd1qru8NCBBNots MqjB3FPo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH29vaSJXt7x+6cEEJ+go 2FIrb+Ijv/jZvkCk18MPB4b4aZeUEqhUHX/XYKG5tb2zvF3dLe/sHhUfn4pG2STDPeYolMdDeghkuheAs FSt5NNadxIHknGN/O/c4T10Yk6hEnKfdjOlQiEoyilR6q4eWgXHFr7gJknXg5qUCO5qD81Q8TlsVcIZPU mJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxWNufGni1Nn5MIqIYkSbUshWai/J6Y0NmYSB7Yzpjgyq95c/M/rZ Rhd+1Oh0gy5YstFUSYJJmT+NwmF5gzlxBLKtLC3EjaimjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6 iCB1fQgDtoQgsYDOEZXuHNkc6L8+58LFsLTj5zCn/gfP4AisyNRQ==</latexit><latexit sha1_base64="hK7nqd1qru8NCBBNots MqjB3FPo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH29vaSJXt7x+6cEEJ+go 2FIrb+Ijv/jZvkCk18MPB4b4aZeUEqhUHX/XYKG5tb2zvF3dLe/sHhUfn4pG2STDPeYolMdDeghkuheAs FSt5NNadxIHknGN/O/c4T10Yk6hEnKfdjOlQiEoyilR6q4eWgXHFr7gJknXg5qUCO5qD81Q8TlsVcIZPU mJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxWNufGni1Nn5MIqIYkSbUshWai/J6Y0NmYSB7Yzpjgyq95c/M/rZ Rhd+1Oh0gy5YstFUSYJJmT+NwmF5gzlxBLKtLC3EjaimjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6 iCB1fQgDtoQgsYDOEZXuHNkc6L8+58LFsLTj5zCn/gfP4AisyNRQ==</latexit><latexit sha1_base64="hK7nqd1qru8NCBBNots MqjB3FPo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH29vaSJXt7x+6cEEJ+go 2FIrb+Ijv/jZvkCk18MPB4b4aZeUEqhUHX/XYKG5tb2zvF3dLe/sHhUfn4pG2STDPeYolMdDeghkuheAs FSt5NNadxIHknGN/O/c4T10Yk6hEnKfdjOlQiEoyilR6q4eWgXHFr7gJknXg5qUCO5qD81Q8TlsVcIZPU mJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxWNufGni1Nn5MIqIYkSbUshWai/J6Y0NmYSB7Yzpjgyq95c/M/rZ Rhd+1Oh0gy5YstFUSYJJmT+NwmF5gzlxBLKtLC3EjaimjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6 iCB1fQgDtoQgsYDOEZXuHNkc6L8+58LFsLTj5zCn/gfP4AisyNRQ==</latexit>
(e)
<latexit sha1_base64="faa1LV+y+rcDjqbgiXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix 0kMVLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7hMUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYW OqKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvByWdO4Q+czx+MUY1G</latexit><latexit sha1_base64="faa1LV+y+rcDjqbgiXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix 0kMVLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7hMUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYW OqKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvByWdO4Q+czx+MUY1G</latexit><latexit sha1_base64="faa1LV+y+rcDjqbgiXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix 0kMVLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7hMUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYW OqKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvByWdO4Q+czx+MUY1G</latexit><latexit sha1_base64="faa1LV+y+rcDjqbgiXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix 0kMVLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7hMUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYW OqKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvByWdO4Q+czx+MUY1G</latexit>
(f)
<latexit sha1_base64="8ivO1DMqFHtIvjDECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyi lR6q4eWgXHFr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/UyoJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCR tTTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AjdaNRw==</latexit><latexit sha1_base64="8ivO1DMqFHtIvjDECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyi lR6q4eWgXHFr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/UyoJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCR tTTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AjdaNRw==</latexit><latexit sha1_base64="8ivO1DMqFHtIvjDECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyi lR6q4eWgXHFr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/UyoJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCR tTTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AjdaNRw==</latexit><latexit sha1_base64="8ivO1DMqFHtIvjDECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFo MQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyi lR6q4eWgXHFr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/UyoJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCR tTTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AjdaNRw==</latexit>
(g)
<latexit sha1_base64= "25lMflsSGgAC0vNTvxm2m7q65so=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnOXJXt7x+6eEEJ+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEquDau++0UNja3tneKu6W9/YPDo/LxSVs nmWLYYolIVDegGgWX2DLcCOymCmkcCOwE49u533l CpXkiH80kRT+mkeQhZ9RY6aEaXQ7KFbfmLkDWiZeT CuRoDspf/WHCshilYYJq3fPc1PhTqgxnAmelfqYx pWxMI+xZKmmM2p8uTp2RC6sMSZgoW9KQhfp7Ykpjr SdxYDtjakZ61ZuL/3m9zITX/pTLNDMo2XJRmAliE jL/mwy5QmbExBLKFLe3EjaiijJj0ynZELzVl9dJu1 7z3Jp3X680bvI4inAG51AFD66gAXfQhBYwiOAZXuH NEc6L8+58LFsLTj5zCn/gfP4Aj1uNSA==</latex it><latexit sha1_base64= "25lMflsSGgAC0vNTvxm2m7q65so=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnOXJXt7x+6eEEJ+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEquDau++0UNja3tneKu6W9/YPDo/LxSVs nmWLYYolIVDegGgWX2DLcCOymCmkcCOwE49u533l CpXkiH80kRT+mkeQhZ9RY6aEaXQ7KFbfmLkDWiZeT CuRoDspf/WHCshilYYJq3fPc1PhTqgxnAmelfqYx pWxMI+xZKmmM2p8uTp2RC6sMSZgoW9KQhfp7Ykpjr SdxYDtjakZ61ZuL/3m9zITX/pTLNDMo2XJRmAliE jL/mwy5QmbExBLKFLe3EjaiijJj0ynZELzVl9dJu1 7z3Jp3X680bvI4inAG51AFD66gAXfQhBYwiOAZXuH NEc6L8+58LFsLTj5zCn/gfP4Aj1uNSA==</latex it><latexit sha1_base64= "25lMflsSGgAC0vNTvxm2m7q65so=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnOXJXt7x+6eEEJ+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEquDau++0UNja3tneKu6W9/YPDo/LxSVs nmWLYYolIVDegGgWX2DLcCOymCmkcCOwE49u533l CpXkiH80kRT+mkeQhZ9RY6aEaXQ7KFbfmLkDWiZeT CuRoDspf/WHCshilYYJq3fPc1PhTqgxnAmelfqYx pWxMI+xZKmmM2p8uTp2RC6sMSZgoW9KQhfp7Ykpjr SdxYDtjakZ61ZuL/3m9zITX/pTLNDMo2XJRmAliE jL/mwy5QmbExBLKFLe3EjaiijJj0ynZELzVl9dJu1 7z3Jp3X680bvI4inAG51AFD66gAXfQhBYwiOAZXuH NEc6L8+58LFsLTj5zCn/gfP4Aj1uNSA==</latex it><latexit sha1_base64= "25lMflsSGgAC0vNTvxm2m7q65so=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByR H2NnOXJXt7x+6eEEJ+go2FIrb+Ijv/jZvkCk18MP B4b4aZeUEquDau++0UNja3tneKu6W9/YPDo/LxSVs nmWLYYolIVDegGgWX2DLcCOymCmkcCOwE49u533l CpXkiH80kRT+mkeQhZ9RY6aEaXQ7KFbfmLkDWiZeT CuRoDspf/WHCshilYYJq3fPc1PhTqgxnAmelfqYx pWxMI+xZKmmM2p8uTp2RC6sMSZgoW9KQhfp7Ykpjr SdxYDtjakZ61ZuL/3m9zITX/pTLNDMo2XJRmAliE jL/mwy5QmbExBLKFLe3EjaiijJj0ynZELzVl9dJu1 7z3Jp3X680bvI4inAG51AFD66gAXfQhBYwiOAZXuH NEc6L8+58LFsLTj5zCn/gfP4Aj1uNSA==</latex it>
(h)
<latexit sha1_base64="qIF1xIieXaCC7IBlw08 nsEVTulk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go 2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAs FSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyilR6q48tBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxS Y3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni1Nn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rp Rhe+5lQSYpcseWiMJUEYzL/mwyF5gzl1BLKtLC3EjammjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6 iCB1fQgDtoQgsYjOAZXuHNkc6L8+58LFsLTj5zCn/gfP4AkOCNSQ==</latexit><latexit sha1_base64="qIF1xIieXaCC7IBlw08 nsEVTulk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go 2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAs FSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyilR6q48tBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxS Y3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni1Nn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rp Rhe+5lQSYpcseWiMJUEYzL/mwyF5gzl1BLKtLC3EjammjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6 iCB1fQgDtoQgsYjOAZXuHNkc6L8+58LFsLTj5zCn/gfP4AkOCNSQ==</latexit><latexit sha1_base64="qIF1xIieXaCC7IBlw08 nsEVTulk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go 2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAs FSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyilR6q48tBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxS Y3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni1Nn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rp Rhe+5lQSYpcseWiMJUEYzL/mwyF5gzl1BLKtLC3EjammjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6 iCB1fQgDtoQgsYjOAZXuHNkc6L8+58LFsLTj5zCn/gfP4AkOCNSQ==</latexit><latexit sha1_base64="qIF1xIieXaCC7IBlw08 nsEVTulk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go 2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAs FSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyilR6q48tBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxS Y3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni1Nn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rp Rhe+5lQSYpcseWiMJUEYzL/mwyF5gzl1BLKtLC3EjammjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6 iCB1fQgDtoQgsYjOAZXuHNkc6L8+58LFsLTj5zCn/gfP4AkOCNSQ==</latexit>
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Figure 7. Flexoelectricity-driven control of nematic surface ordering for a charged bottom cell surface (σ = 5 · 10−4 nm−2)
for system size L = 10 µm and surface extrapolation length ξs = 750 nm. (a) The nematic director surface angle θ(z = 0) as
function of isotropic screening length λD (or equivalently reservoir salt concentration ρs) for (a) negative flexoelectric coefficients
qee and (b) positive qee. The inset in (a) shows a zoomed-in version of θ(0) at qee = −1 pC m−1. For this value of qee, we
show in (c)-(f) the net ion charge density ρe(z) and the flexoelectric polarisation charge density ρf (z) profiles and their sum,
for selected values of λD. The grey dotted line is ρf (z) when the director profile would be linear. In (g)-(j) we show the same
as in (c)-(f), but for qee = 0.75 pC m
−1.
For e > 0, we see that increasing e results in an overall
higher value and a larger tunability of the surface angle,
see Fig. 7(b), compared to the unperturbed state. This
enhancement towards homeotropic anchoring is accom-
panied by a ρf (z) that is not so sensitive to the value of
λD unless λD is very small, see Fig. 7(g)-(i), and it is very
different than the ρf (z) of the unperturbed state, with
even a different sign close to the bottom plate. For this
configuration it seems to be more energetically favourable
to have no bulk flexoelectric polarisation, only close to
the bottom plate, and having a positive e allows for this.
Increasing ρs (lowering λD) enhances the screening of the
bottom plate and hence reduces the surface angle. There
is also a flexoelectric surface charge density, which in the
full range of λD is of the order of −10−6 nm−2 and is
therefore too low to compete with the free surface charge
already present on the plate. These examples highlight
the complex interplay when flexoelectricity is added, be-
cause it couples in a nontrivial way with (ion) electro-
statics and the director profile.
VI. CONCLUSIONS AND OUTLOOK
In this paper, we have investigated the effects of sur-
face charge, ion (salt) bulk concentration and flexoelec-
tricity on the effective alignment of a nematic fluid at
a surface. We have investigated the specific case of a
plate that enforces planar anchoring that competes with
the homeotropic alignment due to the effects of surface
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charge. We have found that electrostatic screening can
tune the electrostatic part of the alignment, in other
words, by adding salt one can effectively tune the an-
choring strength of a surface. We have highlighted the
role of the various parameters, such as bare anchoring
strength, system size, surface charge and salt concentra-
tion, and their interplay.
Besides discussing surfaces that have a constant surface
charge independent of the salt concentration, we have
also considered charge-regulating surfaces that acquire
their surface charge by ad- or desorption of ions. This
directly influences the tunability of the orientation of the
director at the surface, and in particular, the dependence
on the salt concentration is different if the charging oc-
curs via a dissociative or an associative process. Namely,
for an associative charging, surfaces discharge upon de-
creasing the salt concentration, while dissociative charg-
ing, leads to surfaces discharging with increasing the salt
concentration. This shows that measuring the director
tunability can reveal some information on the surface
chemistry and the charging properties of external sur-
faces.
Finally, we have considered flexoelectric effects on the
alignment of the director at an external surface. We
found that even in the absence of surface charges the
director is tunable by the salt concentration, however,
the variability of the director orientation is very small.
When a free surface charge is added, we found that nega-
tive flexoelectric coefficients reduce the tunability of the
director orientation at the surface, and makes the ori-
entation more planar. In contrast, positive flexoelec-
tric coefficients enhance the tunability and promote more
homeotropic alignment for the full range of salt concen-
trations.
Our findings have clear relevance in various fluids
with nematic orientational order, most evidently in ne-
matic fluids, as charges and ionic impurities are regularly
present in such materials. We show the surface ordering
in the context of a flat-plate geometry, where only spe-
cific elastic modes can be excited; however, more com-
plex systems and geometries would respond in similar
manner, offering very likely interesting advanced routes
for the microscopic design of even more complex electric
charge and electric potential profiles. For example, the
geometries with colloidal particles in nematics are inter-
esting, because ions can influence the anchoring strength
depending on the exact configuration of particles, thus
directly affecting the particle assembly or self-assembly.
We hope that our paper will stimulate experimental and
theoretical work on ion-doped liquid crystals, rather than
viewing ions as an impurity.
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